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PREFACE

The preparation of this report was authorized by the U. S. Army Engineer Waterways Exper-
iment Station (WES), Dredged Material Research Program (DMRP), and was sponsored by the
Office. Chief of Engineers. The objective was to develop an information index and retrieval
system for the publications of the DMRP.

The report was prepared by Herner & Company, Washington. D. C., under WES Contract
DACW39-77-C-0081. Messrs. E. I. Kelly and N..H. Parkes III of Horner & Company managed
the contract.

Development of the system and preparation and review of the report were under the super-
vision of Dr. R. T. Saucier, Special Assistant for Dredged Material Research, WES, and the
general supervision of Dr. John Harrison, Chief of the Environmental Laboratory, WES. The
report was reviewed by the DMRP Project Managers: Drs. R. M. Engler and H. K. Smith and
Messrs. C. C. Calhoun, Jr., and T. R. Patin.

Directors of WES during preparation of the report were COL J. L. Cannon, CE, and
COL N. P. Conover, CE. Technical Director was Mr. F. R. Brown.
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4N ODUCTION

This document. Publication Index and Retrieval System," i intended to further disseminate the information
contained in the mo1ee-dW3.n -p -res1u T rlhg"Ofnte U.S. Army Corps of Engineers' Dredged Material
Research Program (DMRP) and to foster operational applications of their findings and conclusions. Its style,
format, and level of detail are based on findings of a survey of a representative cross-section of scientists and
engineers. The potential audience is a very diverse group, including Corps District and Field Office personnel,
staffs of other Federal and state agencies, individuals representing environmental/conservation organizations,
and scientists and engineers conducting project studies and site monitoring activities. Information referenced in
this document is applicable to project environmental assessments, detailed design, construction, and operations

and maintenance as well as evaluation under requirements of regulatory functions programs.

The first chapter of this document contains abstracts of DMRP Synthesis Reports. These reports present sum-
maries of findings for each of the major DMRP objectives with emphasis on the significance and application of
the information. Chapters 2 through 9 contain abstracts for all significant detailed technical and contractor
reports pertaining to the major DMRP objectives. Chapter 10 contains abstracts of the reports on major DMRP
field test and demonstration projects concerned with the effects of dredged material disposal in open water and
use of dredged material for habitat creation.

Each abstract begins with a citation listing the report title (or title of the section within the report) first, in
boldface type. When necessary, a title has been generated and appears within brackets. The rest of the citation
lists the personal author(s), corporate author (i.e. the author's organizational affiliation), month and year of
publication, report number, and NTIS number, if available.

The abstracts summarize information which has already appeared in DMRP reports; no other judgments or
comments have been made. There is one overall abstract for each report, with additional abstracts for significant
chapters, sections, and subsections of reports. The abstracts have been constructed to aid the reader in deter-
mining the usefulness of consulting the entire report (or section) rather than a means of presenting technical
information or conclusions in summary form.

Abstract Number 068

Report Title

Investigation of mathematical models for the physical- Author

Author Affiliation fate prediction of dredged material. Billy H. Johnson.
Vicksburg, MS, U.S. Army Engineer Waterways P blication Date
Experiment Station, Hydraulics Laboratory, March-- u
1974. Technical Report D-74-1 (NTIS No. AD-776Abstract 368). e NTIS Number

Studies relevant to the development ofReport Number
models of ocean, estuarine, and riverine disposal of
dredged material have been identified from the litera-
ture and from contact with research groups. The
identified studies are summarized in some detail and
their limitations outlined. Recommendations are
made for additional research needed in this area. The
Appendix gives the settling velocities of sediment
particles in a water column. 59 references. For

Reference to separate sections of this report, see the following four
- - abstracts.Section Reports



Four indexes follow the abstracting section: Subject Index, Geographic Index, Agency/Organizational Index,
and Author Index. Each index entry consists of an index term followed by the title (or annotated title) of the
document or document section to which it applies and the abstract number.
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CHAPTER 1: SYNTHESIS REPORTS

released in a subaqueous environment, how to determine if
001 sufficient Information is available, and how to obtain the

necessary data from the field to determine the eventual fate of
the mound of dredged material. Examples are presented

Aqumss dredged ateral dlepel ha1 Synmhs which serve to describe methods for adequately predicting
report. Thomas D. Wright. Vicksburg. MS, U.S. Army Engi- the fate of a particular dredged material deposit and for
neer Waterways Experiment Station, Environmental Laborato- helping to anticipate factors which may affect sediment
ry, August 1978. Technical Report DS-78-1 (NTIS No. AD- stability. The examples indicate the potential need for field
A060 250). monitoring even when adequate literature is available to

The findings of studies of the impact of dredged material document the physical factors present. A basic monitoring

disposal in open-water systems (Dredged Material Research design is described which can be used with appropriate

Program Task 1A, Aquatic Disposal Field Investigations), additions or modifications at almost all dredged material

conducted at five locations, are summarized. The sites were disposal sites. The results, information, and guidance in this

representative of a variety of disposal practices, dredged report were derived in part from two Dredged Material
materials, and aquatic habitats and included Eatons Neck Research Program reports entitled 'Assessment of Factors

(New York), Lake Erie (Ohio), Gulf of Mexico (Texas), Controlling the Long-Term Fate of Dredged Material Deposit-

Columbia River (Oregon). and Duwamish Waterway (Wash- ed in Unconfined Subaqueous Disposal Areas' (Work Unit
ington). Disposal did not occur during the course of the 1804) and 'Fleld Study of the Effects of Storms on the Stability

Eatons Neck investigation but did at the other four sites. In and Fate of Dredged Material in Subaqueous Disposal Areas'

general, there were few significant impacts as a result of (Work Unit IBOB). 36 references. 29-item bibliography.

disposal. The only physical impacts noted were the creation of
mounds of material within the disposal sites and short term
turbidity increase in the water column during disposal opera-
tions. Following disposal, the mounds were observed to 003
persist for more than a year and to migrate away from the
initial point of disposal. There was little evidence of the uptake
of chemical substances by organisms. The findings for the Plid IWinebilh dredged e tie eveaft
studied sites tend to agree with those from complementary syndhes ." . 'Barry W. Holliday. 'Billy H. Johnson,

studies carried out in the laboratory. 12 references. (Author 2William A. Thomas. Vicksburg, MS, U.S. Army Engineer

abstract modified) Waterways Experiment Station, tEnvironmentl Laboratory;2Hydraulics Laboratory. December 1978. Technical Report
DS-78-3 (NTIS No. AD-A063 878).

A summary of the results from three work units (1B06, 1B07,
002 and 1809) of the Dredged Material Pesearch Program

concerned with predicting and monitoring dredged material
movement, is presented. Work Unit IB06 was an evaluation

P ee 1111 e te o @f I d It Syn. and calibration of the Ten Tech disposal models using field
ta I ."a Barry W. Hollday. Vicksburg, MS. U.S. Army data collected at several disposal sites. including the Duwam-

Engineer Waterways Experiment Station, Environmental Labo- Ish, New York Bight, and Lake Ontario sites. The collection of
ratoly, August 1978. Technical Report DS-78-2 (NTIS No. AD- these field data was performed under Work Unit 1B09 by Yale
A059 276). University. Work Unit 1807 Iwvolved an evaluation of two Iwo-

The factors and processes affecting the fate of dredged dimensional finite element models for the long-term prediction
material in subaqueous dieposal we are discussed. Various of sediment transport In estuaries. The modifications of the
mechwnisms for Investgating the stability and fate of dredged Tetra Tech models made by the U.S. Army Engineer Water-
maei ae considere, and a mechanism for determining ways Experiment Station are discussed, and calibmtilon
which parameers and environmental factors should be results are presented using field data from the Duwamish,
considered for a specific sfte is proposed. The report shows New York Bight, and Lake Ontario disposal sites. A summary
how to qualiatvely predict the fate of dredged material of observations from a field data coliection program on the



mechanics of the placement of dredged material at open- effects of dredging and disposal are restricted to the immedi-
water disposal sites is provided. The factors involved in the ate area of operation. They include removal of organisms at
long-term transport of sediment in estuaries, their treatment by dredging sites and burial of organisms at disposal sites. Data
finite element models, the limitations of the models, and their indicate that the recovery of disturbed sites occurs over
current status also are discussed. 12 references. (Author periods of weeks, months, or years depending on the type of
abstract modified) environment. Most organisms studied were relatively insensi-

tive to the effects of sediment suspensions in the water.
Dredging-induced turbidity is probably not of major environ-
mental concern in most cases, but may be an aesthetic

004 problem. Bioavailability of sediment-sorbed heavy metals is
low, the release of sediment-associated heavy metals and

Water quality Impat of aquaft d-dge mateiall die their uptake into organism tissues being found to be the
powal. (Laboratory Inveetigationi.) Synthollll meport exception rather than the rule. The diversity of variables that
Sterling A. Burks, Robert M. Engler. Vicksburg, MS, U.S. have the potential for direct and indirect effects on aquatic life
Army Engineer Waterways Experiment Station, Environmental argues for an integrated, whole-sediment bioassay, using
Laboratory, August 1978. Technical Report DS-78-4 (NTIS sensitive test organisms. Such a procedure is under develop-
No. AD-A059 735). ment by the Environmental Protection Agency and the Corps

The results of the Dredged Material Research Program of Engineers and should uncover site-specific toxicity prob-
(DMRP) Environmental Impacts and Criteria Development lems which can be addressed by appropriate chemical testing
Project Task 1C, Effects of Dredging and Disposal on Water and biological evaluation of dredged material. 35 references.
Quality, are summarized. Selected items of the literature on (Author abstract)
sediment and soil-wafer geochemical interactions were re-
viewed for this report in order to provide a background and
assessment of the state-of-the-knowledge prior to the DMRP.
This review suggested conditions which may enhance release
of contaminants from sediments, while there were geochemi-
cal conditions which could retard release and render contami- 006
nated sediments relatively harmless. DMRP laboratory investi-
gations were carried out to determine the geochemical
conditions that maximize and minimize the release of organ- Evaluation of d. mateial pollution potontal. Syn-

ics, metals, and nutrients from contaminated and noncontami- Itwft report. James M. Brannon. Vicksburg, MS. U.S. Army

nated dredged material. The report indicates that open-water Engineer Waterways Experiment Station, Environmental Labo-

disposal of dredged material can have a temporary impact ratory, August 1978. Technical Report DS-78-6 (NTIS No AD-
upon the receiving aqueous environment if the dredged A059 724).
sediments contain elevated levels of chlorinated pesticides.
polychlorinated biphenyls, or ammonia. Resedimentation of
suspended particles that have sorbed any of these contami- Data are summarized from the U.S. Army Engineer Water-
nants creates a potential for impact upon benthic organisms. ways Experiment Station Dredged Material Research Pro-
Most of the results reviewed in this report were concerned gram, Task 1E, which investigated the pollution properties of
with short-term effects of constitutents associated with sedi- dredged material and procedures for determining their poten-
ments. A summary of experimental designs, methodologies, tial for effect on water quality and aquatic organisms. The
and analytical methods employed in the DMRP Task IC short-term impact of dredged material on water quality and
research investigations is appended for general information, aquatic organisms is related to the concentration of chemical-
40 references. ly mobile. readily available contaminants rather than to the

total concentration. The Elutriate Test, which measures con-
centrations of contaminants released from dredged material.
can be used to evaluate short-term impacts on water quality.

005 Longer term impacts have generally been slight and can be
evaluated by means of the Elutriate Test and analysis of the

ffwW of d glqW b ipoW on aqlluet mobile forms of sediment contaminants. No significsnt tong-
Synthesiep Nine D. Hirsch, Louis H. DiSalvo, Richard term increase in water column contaminant concentrations
K. Peddicord. Oakland, CA, University of California, Naval has been observed at any aquatic disposal field site The
Biosclences Laboratory, August 1978 Technical Report DS- greatest potential hazard of dredged material disposal is the
78-5 (NTIS No. AD-A058 989). effect of the material on benthic organisms Most dredged

Data from the U.S. Army Corps of Engineers' Dredged material has not proven particularly toxic, but some dredged
Material Research Program, Task ID, which investigated the material can be extremely toxic or of unknown toxicological
direct and indirect effects of dredging and disposal of character. Benthic bioassay procedures are available which
dredged material on aquatic organisms, are summarized, can identify this toxic dredged material A discussion of the
Determination of potential environmental effects of dredging chronology of regulatory criteria development and the current
and disposal is still In preliminary stages, despite research ly required regulatory testing procedures and their impact is
conducted to date, due to the many variables involved. Direct included. 36 references (Author abstract modified)



environments of the dredged material at the disposal site
007 which influence processes enhancing or retarding contami-

nant mobility is included. Management practices which may
be used to improve a marginally acceptable disposal method,

Confined isposal area effluent and leachate control. especially where environmentally optimum methods are not
(Laboratory nd fld kluivetlons.) Synthless report. feasible for technological or economic reasons, also are
'Kenneth Y. Chen, 'James L. Mang, 'Bert Eichenberger, discussed. 114 references.
2Ronald E. Hoeppel. 'Los Angeles, CA, University of Southern
California; 2Vicksburg, MS, U.S. Army Engineer Waterways
Experiment Station, Environmental Laboratory, October 1978.
Technical Report DS-78-7 (NTIS No. AD-062 882). 009
The findings of five Dredged Material Research Program
Environmental Impacts and Criteria Development Project Task
2D work units concerned with the impact of dredged material Asseument of Iow-groundlPresere equipment for -
disposal in confined land disposal areas are summarized. In containment area operation and maintenance. Synthe-
Three of the work units dealt with active disposal operations at sl report. William E. Willoughby. Vicksburg, MS, U.S. Army

11 sites; impact was assessed by comparing the quality of Engineer Waterways Experiment Station. Environmental Labo-

influents and effluents at each site with background surface ratory, July 1978. Technical Report DS-78-9 (NTIS No. AD-

receiving water. Two work units evaluated the impact of A058 501).

confined disposal area leachates on groundwaters. Data from Guidelines for the selection of equipment to operate in and
the active disposal studies show that in most cases soluble around confined disposal areas are presented. The report is a
concentrations of most chemical constituents were very low. synthesis of three studies, conducted as part of the Dredged
Only soluble manganese and ammonia nitrogen levels failed Material Research Program. Task 2C, involving (1) compila-
to meet most criteria. The concentrations of chlorinated tion of a catalog of low-ground-pressure equipment, (2)
hydrocarbons, most trace metals, and total phosphorus in analytical prediction of vehicle performance, and (3) verifica-
unfiltered effluent water also failed to meet most water quality tion of the predictions of the field condition. Based on the
criteria. Thus, it appears that efficient removal of suspended disposal area and vehicle characterizations, a particular piece
solids before effluent discharge is necessary to meet these of equipment can be selected for given working conditions, or
regulatory constraints. The leachate studies suggest that the the limiting soil strength can be determined for a specific
disposal of brackish water dredged material in upland piece of equipment. Examples of the use of the selection
disposal areas may render subsurface water unsuitable for methodology for a disposal area for fine-grained material also
public water supply or irrigation purposes. It is recommended are presented. Appendices to this report contain (1) the
that guidelines for evaluation of potential upland disposal sites equipment catalog and (2) guidance for performing required
be developed in a stepwise progression that will not require soils tests. 3 references.
complete execution of the total program to assess site
suitability. Seven items which may be included in a site-
specific evaluation are discussed. 9 references. (Author
abstract modified) 010

Guidelnes for deslignt, operating, and nanaging

008 dredged material containment areas. Synthesis report.
Michael R. Palermo, Raymond L. Montgomery, Marian E.
Poindexter. Vicksburg, MS, U.S. Army Engineer Waterways

Disposal alternetis for contotkited dredged material Experiment Station, Environmental Laboratory, December
as a nanagement tool to mkinidv ei envlronmen- 1978. Technical Report DS-78-10.
tol eftet. Synthesis repor R. P. Gambrell, R. A. Khalid. Dredged Material Research Program results pertinent to
W. H. Patrick, Jr. Baton Rouge, LA, Louisiana State University. designing, operating, and managing dredged material con-
Center for Wetland Resources. December 1978. Technical fined disposal areas to meet required effluent solids standards
Report DS-78-8. and to provide adequate storage volume are summarized.
A guidelines manual for selecting and managing disposal The guidelines are equally applicable to design of new
methods for contaminated dredged sediments to minimize confined disposal areas and to evaluation of existing sites.
adverse environmental effects is presented. To accomplish Field investigations necessary to provide data for confined
this objective, the report includes a synthesis of published disposal area design are described to include channel
research findings on the chemical mobility of sediment-bound sediment investigations and foundation investigations at the
contaminants under various conditions of dredged material area Sample type and location, sampling equipment, and
disposal. The factors which should be evaluated to determine sample preservation techniques are included Laboratory
the environmental acceptability of a proposed disposal meth- testing procedures required to obtain data for sediment
od for a contaminated sediment are examined. A brief review characterization, disposal area design, and estimates of long-
of the chemistry of contaminants in sediment-water systems, term storage capacity are given, and procedures are de-
the properties of the dredged sediment that affect the fate of scribed for confined disposal area design for retention of
contaminants, and the short-term and long-term physico- suspended solids based on solids removal through gravity
chemical (acidity, oxidation-reduction conditions, and salinity) sedimentation Guidelines for estimation of gains in long-term

. . . .. . . . .. ... .. .. .. . . . . . . . . .. .. . Il ~ l I~ ilI[ . . . . . . . . . .. -- . . . .. -. _ a



storage capacity due to settlements within the confined Disposal area reuse management (DARM) guidelines devel-
disposal area are presented. Design and operational proce- oped under the Dredged Material Research Program (DMRP)
dures for weirs are presented based on the assumption that Disposal Operations Project Task 5C are presented. The
the capability for selective withdrawal of the clarified upper guidance is intended to: (1) describe the concept of disposal
layer of ponded water will be provided. Confined disposal area reuse and show the role of disposal area reuse in the
area management activities are described which may be long-range planning of dredged material disposal; (2) aid in
considered as possibilities for improving efficiency and determining the feasibility of developing reusable disposal
prolonging the service life of confined disposal areas. Ap- areas, either new areas or existing ones converted for reuse;
pendices to this report present: (1) detailed test procedures; and (3) aid in the preparation of designs for reusable disposal
(2) a summary of design data requirements; (3) example areas. The guidance includes the identification of pertinent
design calculations; and (4) summaries of research pertinent legal, environmental, and technological factors which influ-
to designing, operating, and managing dredged material ence the planning and selection of reusable sites. The DARM
confined disposal areas. 34 references. (Author abstract techniques have been tried periodically by Corps of Engineers
modified) Districts across the United States and have met with varying

degrees of success. Brief descriptions of applications in the
Mobile, Sacramento, Philadelphia, Norfolk, Charleston, Sa-
vannah, and Galveston Districts are provided. Appendices to

011 this report present (1) summaries of pertinent research
conducted by DMRP for reusing and managing dredged
material disposal areas (Contract Reports D-74-6, D-74-2,

GuIdelines for dewaterlngldenalfylng confined dredged and D-74 7 and Technical Reports D-77-18, D-78-22, D-78-5,
materiaL Synthesl report. T. Allan Haliburton. Vicksburg, D-77-32, D-78-27, and D-78-56) and (2) summaries of six
MS. U.S. Army Engineer Waterways Experiment Station, reports on disposal area reuse management (Miscellaneous
Environmental Laboratory, September 1978. Technical Report Paper D-76-16, a Technical Report in preparation, Technical
DS-78-11 (NTIS No. AD-A060 405). Reports D-77-19, DS-78-11, and D-78-10, and Contract

The results of Dredged Material Research Program Disposal Report D-75-5). 33 references. (Author abstract mooified)

Operations Project Task 5A, Dredged Material Densification,
are presented in the form of guidelines for dewatering by
progressive trenching, dewatering by underdrainage, and for
confined disposal area operation and management to facili- 013
tate dewatering. Based on the results of research, it has been
determined that: (1) use of progressive surface trenching
concepts to remove disposal area ponded surface water and PrediCtion and control of dredged material dispersion
precipitation and enhance evaporative dewatering of fine- around dredging and open-water pipeline disposal oper-

grained dredged material is the most cost-effective dewater- atlons. Synthesis report. William D. Barnard. Vicksburg,
MS, U.S. Army Engineer Waterways Experiment Station.ing alternative; (2) when existing conditions make it impossi- Environmental Laboratory, August 1978. Technical Repor

ble to implement a surface trenching dewatering program, a DS-78-13 (NTIS No. AD-A059 573).

surface trenching program alone will not produce dewatering

at necessary rates, or when it is desired to otain maximum The laboratory and field results of eight separate, but related,
possible dewatering effects, various concepth f either gravi- contract research studies performed within Task 6C of the
ty-assisted or vacuum-assisted underdrainage may be ap- Dredged Material Research Program are synthesized, and the
plied; and (3) implementation of any program of fine-grained available literature concerned with turbidity generation by
dredged material dewatering and densification will be con- different types of dredging operations is summarized. Water-

ducted most effectively as part of an overall confined disposal column turbidity generated by dredging operations is usually
area management plan. The main technical unknown in restricted to the vicinity of the operation and decreases rapidly
application of concepts synthesized in the report is the exact with increasing distance from the operation due to settling and
rate at which dewatering will occur. State-of-the-art prediction horizontal dispersion of the suspended material. Turbidity
methods given and referenced in the report are satisfactory levels around dredging operations can be reduced by
for feasibility determinations and, in many iistances, for use in improving existing cutterhead dredging equipment and opera-
final design. Monthly standard Class A Pan evaporation data tional techniques, using watertight buckets, and eliminating
for the continental United States are given in the Appendix. 20 hopper dredge overflow or using a submerged overflow

references. (Author abstract modified) system. During open-water pipeline disposal of fine-grained
dredged material slurry, 97-99 percent of the material de-
scends rapidly to the bottom of the disposal area where it
forms a low gradient fluid mud mound, One to three percent of

012 the discharged slurry will remain suspended in the water
column in the form of a turbidity plume, The relative degree of
dredged material dispersion at open-water pipeline disposal

Guideines for dieposal area ieue. Synthesls report. operations can be controlled best by using different discharge
Raymond L. Montgomery, Alfred W. Ford, Marian E. Poindex- configurations. By implementing the guidelines given in this
ter, Michael J. Bartos. Vicksburg, MS, U.S. Army Engineer report for selecting dredges, improving operational tech-
Waterways Experiment Station, Environmental Laboratory, niques, properly using silt curtains, and selecting appropriate
February 1979. Technical Report DS-78-12. pipeline discharge configurations, dredging or disposal oper-
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ations can be conditioned to minimize environmental impacts. (habitat displacement and chemical mobilization) that modify
The Appendix to this report describes the relationship of dredged material disposal operations designed for habitat
suspended solids concentration, bulk density, and percent development. The four types of habitats discussed are: upland
solids by weight. 70 references. (Author abstract modified) mainlands and peninsulas, upland islands, wetlands, and

aquatic habitats. 63 references.

014
016

Treatment of contaminated dredged material. Synthesis
report. William D. Bernard, Terry D. Hand. Vicksburg, MS, Weland habitit development with dredged material:
U.S. Army Engineer Waterways Experiment Station, Environ- engineering and plant propagation. Syntheis report.
mental Laboratory, June 1978. Technical Report DS-78-14. Vicksburg, MS, U.S. Army Engineer Waterways Experiment

The results of seven research studies performed within Task Station, Environmental Laboratory, December 1978. Techni-
6B, Treatment of Contaminated Dredged Material, of the cal Report DS-78-16.
Dredged Material Research Program Disposal Operations Pertinent literature and research of the Dredged Material
Project are synthesized. The report examines, in the context Research Program (DMRP) including six major marsh devel-
of both open-water and confined disposal, processes and opment field sites are synthesized. These sites are: Windmill
techniques for treating dredged material or the effluent from Point in the James River, Virginia; Buttermilk Sound on the
confined areas to minimize the impact on receiving waters. coast of Georgia; Bolivar Peninsula in Galveston Bay, Texas;
Although generalizations are difficult to make, several findings Miller Sands, Columbia River, Oregon; Drake Wilson Island in
have emerged from the various studies. For confined disposal Apalachicola Bay, Florida; and Salt Pond No. 3, South San
operations, it has been concluded that: (1) sedimentation in a Francisco Bay, California. Guidelines for developing marsh
confined disposal area should be regarded as the primary habitat are presented: (a) planning the project in relation to the
treatment of the dredged material; (2) existing areas will proposed site and project goals; (b) engineering construction
function more efficiently as settling basins through dredge size of the site including dredging operations; (c) propagation,
reduction, intermittent pumping, increasing the weir length, maintenance, and monitoring of the site as habitat, including
and increasing the ponding depth by raising the weir; and (3) potential problems that may be encountered; and (d) costs.
organic polymer flocculants can be used effectively to Emphasis is is placed on engineering and plant propagation.
coagulate and clarity effluents from confined disposal areas Engineering aspects and design of potential sites are dis-
containing unacceptably high solids concentrations. For open- cussed and include protective and retention structures,
water disposal operations, the following finding is empha- substrate and foundation characteristics, dredging operations,
sized: saturation of the slurry carrier water with dissolved and elevation and drainage requirements. Phases of plant
oxygen accomplished through injection of oxygen into the propagation are detailed in the text and tables: selecting plant
pipeline can marginally reduce the depression in dissolved species for the site, collecting and storing plant materials,
oxygen levels in the water column, but oxygenation of the selecting a propagule type, planting the site, maintaining and
slurry, using air injection, and injection of chemical oxidants, monitoring the site, pilot studies, costing the work, and
is not recommended. 27 references. allowing natural colonization. Tables of 115 selected plant

species showing best propagules; occurrence by region and
whether now occurring on dredged material; growth require-
ments; propagule handling methods; soil, salinity, and inunda-

015 tion tolerances; and other pertinent information are given.
Apendices to this report contain: (1) a listing of DMRP reports
pertinent to marsh development; (2) common and scientific

Upland and wetlandI hablItat develo ment with dredged names of plants and animals mentioned in the text, append-
rnaterft sooloal coneIofs.tloiL Iw Npa ices, and tables; and (3) a synopsis of 28 plant species
John D. Lunz, Robert J. Diaz, Richard A. Cole. Vicksburg, MS, discussing their characteristics, value, and potential use on
U.S. Army Engineer Waterways Experiment Station, Environ- dredged material. 117 references. (Author abstract modified)
mental Laboratory, November 1978. Technical Report DS-78-
15 (NTIS No. AD-A067 828).

Guidance on providing an ecological framework is presented
for environmental planners and managers considering the 017
habitat development option of dredged material disposal. The
report was prepared as pert of the Dredged Material Re-
search Program under the Habitat Development Project Tasks Upan habitat develapm-a th dredged matertia:
4A and 4B. The report (1) Identifies the historical precedences engineerig and plant p opa9-lga1O -ynteli report. L.
for habitat develomnt, (2) describes an ecological manage- Jean Hunt, Alfred W. Ford, Mary C. Landin. B. R. Wells.
ment philosophy relevant to habitat development decisions, Vicksburg, MS, U.S. Army Engineer Waterways Experiment
(3) summarizes briefly current ecological theories and obser- Station, Environmental Laboratory. December 1978 Techni-
vatlons on natural plant-habitat and animal-habitat Interac- cal Report DS-78-17
flons, (4) presents some general design considerations for Pertinent literature and research on upland habitat develop-
habitat development, and (5) considers special conditions ment conducted by the Habitat Development Project. Task 46
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of the Dredged Material Research Program, are synthesized. present: (1) scientific and common names of flora and fauna
Field sites were located at Nott island in the Connecticut River mentioned in the text; (2) a bibliography of pertinent research
(Connecticut). Bolivar Peninsula in Galveston Bay (Texas), on colonial waterbirds and their management; and (3) an
and Miller Sands in the Columbia River (Oregon). Guidelines example of a management plan. 60 references. (Author
for developing existing or potential dredged material disposal abstract)
sites into upland habitat are presented. They involve: (1)
planning and designing the project in relation to the proposed
site and project goals; (2) constructing the site, including
dredging and disposal operations, substrate modification, and 019
vegetation establishment; (3) maintenance and management
of the site as a habitat; (4) costs of proposed and sample
projects; and (5) potential problems. Emphasis is placed on An hdruetof to habitat develoment on dredged
engineering and plant propagation. Engineering aspects material. Sytis report. Hanley K. Smith. Vicksburg, MS,
include data collection and analysis for site design, protective U.S. Army Engineer Waterways Experiment Station. Environ-
and retention structures, substrate characteristics, dredging mental Laboratory, December 1978. Technical Report DS-78-
and disposal operations, and specific requirements. The 19 (NTIS No. AD-A067 202).
phases of plant propagation include: selecting plant species; An overview of the dredged material disposal alternatives
selecting, collecting, and handling plant materials; planting; involving habitat development is presented based on work
maintenance and management; and cost estimates, Tables of performed as part of the Dredged Material Research Program
360 selected plant species are given which show best (DMRP) Habitat Development Project Tasks 2A, 4A, 4B, 4E.
propagules, occurrence by region and whether known to and 4F. Four general habitat types are suitable for establish-
occur on dredged material, growth requirements and habits, ment on dredged material: marsh, upland, island, and aquatic.
propagule handling methods, soil tolerances, and other Conditions favoring habitat development are described, and a
pertinent information. Appendices to this report give: (1) a general habitat selection procedure is outlined. The rest of the
partial listing of commercial soil testing facilities; (2) common report deals with more specific aspects of marsh, upland.
and scientific names of animals and plants mentioned in the island, and aquatic development. The advantages and disad-
text and tables; and (3) sources of plant propagutes. 165 vantages of each alternative are considered, and procedural
references. (Author abstract modified) guidelines are provided. Factors considered include charac-

terization of the dredged material, site selection, engineering,
cost of alternatives, sociopolitical implications, and environ-
mental impacts. Techniques for actual construction and

018 development of a specific habitat are not discussed. A
selected bibliography of DMRP reports pertinent to habitat

Devs.i and r gemertt of avian habitat on development is appended.

itedgederhl blends. Syntele reporL Robert F.
Soots. Jr., Mary C. Landin. Vicksburg, MS, U.S. Army
Engineer Waterways Experiment Station, Environmental Labo- 020
ratory, September 1978. Technical Report DS-78-18 (NTIS
No. AD-A066 802).
As part of the Dredged Material Research Program Island Productiv land us of dredged mateial containment
Habitat Development Project Task 4F, seven regional studies areas: plaIfn end Implementation consderatlonaL Syn-
were conducted throughout Corps of Engineers-maintained Umle report. Michael R. Walsh, Mark D. Malkasian.
waterways to determine dredged material island use by Vicksburg, MS, U.S. Army Engineer Waterways Experiment
nesting waterbirds and the spccession of vegetation on these Station, Environmental Laboratory, September 1978. Techni-
islands as affected by bird use, to compare diked and undiked cal Report DS-78-20.
islands and natural and man-made islands and sites, and to General guidance is provided for planning and implementing
study migratory and year-round use of dredged material the land use of dredged material confined disposal areas,
islands. These data and pertinent management information based on research conducted within Task 5D of the Produc-
are synthesized in this report. Recommendations and guide- tive Uses Project of the Dredged Material Research Program.

lines for management of existing dredged material islands and Seven productive land use categories are defined based on
creation of new islands are presented. Five major factors functional use: recreational (commercial and noncommercial),
determining selection for waferbird colony sites on dredged industrial/commercial (including port development and resi-
material islands are set forth: Isolation from predators and dential use), agricultural (including horticulture and maricul-
humans, habitat diversity, nesting substrate stability, species lure), institutional (including public transportation). material
behavioral characteristics, and species feeding and foraging transfer, waterway-related, and multiple purpose. Engineer-
habits. Management for waterbird colonies has been proven log, environmental, socioeconomic, and legal and institutiona
feasible and may be accomplished through: Incorporation of considerations that are important with regard to disposal-
management plans into routine dredging operations, intera- productive land use projects are reviewed. A land value
gency and Intraegency cooperation, and public education and methodology is included which provides estimates of (1) the
cooperation. It was determined that dredged material islands direct market value of the created land and (2) related
often are crucial habitat for colonial waterbirds and should be community benefits and adverse impacts from the productive
maintained and managed as such. Appendices to this report land use. Planning and implementation factors for disposal-6



productive use projects are examined, and policy and surveys, field demonstrations, and greenhouse studies. Envi-
planning issues affecting the land use of dredged material ronmental, technical, economic, social, and legal aspects of
confined disposal areas are discussed. Appendices to this projects are presented as well as outlines of project planning
report present (1) Task 5D research report abstracts and (2) procedures and dredged material transport systems. Three
an example of Stale law matrix. 47 references. dredged material land improvement techniques are detailed:

surface mine reclamation, sanitary landfill. and agricultural

use. Planning, construction, and equipment considerations
021 are presented for each technique. Local, State, and Federalgovernment sources which have jurisdiction or expertise in

the various aspects of land improvemerit projects are includ-
uladinft f lend ht M t uil w " in-r ed. The report describes tech,iiques for land improvement

Sytitiwab repot. Patricia A. Spaine, Jose L. LIopia, Eugene which utilize dredged material productively as alternatives to
R. Perrier. Vicksburg, MS, U.S. Army Engineer Waterways
Experiment Station, Environmental Laboratory, November conventional disposal methods in regions where land acquisi-

1978. Technical Report DS-78-21 (NTIS No. AD-A067 195). tion is difficult and open-water disposal infeasible. The

Concepts and guidelines for planning and implementing land Appendices provide: (1) summaries of research conducted

improvement projects using dredged material are provided, under Tasks 3B and 4C plus other research pertinent to this

The report synthesizes research conducted as part of Tasks study; (2) the Interim Report on Surface Mine Reclamation

3B and 4C of the Dredged Material Research Program Demonstration; and (3) three tables on potential vegetative
(DMRP; it was written as part of the Productive Uses Project. covers for land improvement projects using dredged material.
Inforration is drawn from DMRP research reports, literature 46 references, (Author abstract)

!7



CHAPTER 2: EFFECTS OF DREDGING OPERATIONS ON
WATER QUALITY AND AQUATIC ORGANISMS

Effects of Dredging and Disposal on Water Quality

022 024

Disposal of dredge spo&f problem Identification and Laboratory study of the release of pesticide and PCB
aseesament and research program development. M. B. materials to the water column during dredging and
Boyd, R. T. Saucier, John W. Keeley, Raymond L. Montgom- disposal operations. Richard Fulk, David Gruber, Richard
ery, R. D. Brown, David B. Mathis, C. J. Guice. Vicksburg, Wulischeger. Milwaukee, WI, Envirex Inc., Environmental
MS. U.S. Army Engineer Waterways Experiment Station. Sciences Division, December 1975, Contract Report D-75-6
November 1972. Technical Report H-72-8 (NTIS No. AD-757 (NTIS No. AD-026 685).
599). A study of the type and concentration of pesticide materials in

The Corps of Engineers, in fulfilling its mission in developing sediments subject to dredging and of the transfer of these
and maintaining the nation's navigable waterways, is respon- materials to the water column during dredging or disposal
sible for extensive dredging operations. Considerable con- operations is described. Areas sampled were: Calumet
cern has developed as to the environmental impact of the Harbor in Chicago, Illinois; Green Bay near the mouth of the
operations, with particular emphasis on open water disposal, Fox River near Green Bay, Wisconsin; Mt. Hope Bay near Fall
especially of spoil materials containing pollutants. The Corps rlver, Massachusetts; Tabbs Bay near the Houston Ship
of Engineers was authorized by Congress in the 1970 River Channel, Texas; and Tennessee Chute, the channel connect-
and Harbor Act to initiate a comprehensive nationwide study ing the Mississippi River and Memphis Harbor at Memphis,
to provide information on the environmental impact of dredg- Tennessee. The discussion of results covers: sediment char-
ing and dredge spoil practices. The study was divided into acteristics. water column water characteristics, interfacial
four phases: (1) problem identification and assessment, (2) water characteristics, and migration test and settling test
development of research program, (3) accomplishment of findings. Appendices to the report include: (1) common and
needed research, and (4) field evaluation of new and chemical names of chlorinated hydrocarbons used in the
improved disposal practices. This report gives the results of report; (2) analytical procedures; (3) results of preliminary
the problem assessment phase of the study and outlines the work in Milwaukee Harbor; and (4) water temperatures and
recommended research program. The Appendix lists ongoing dissolved oxygen measurements taken during sampling of
research projects. 96 references. (Author abstract modified). sediments. 25 references.

023 025

Research study on the effect of dispersio, setllng, and
Open walter dlisposal In: DAsossl of deg spol. problem reedlmentitlon on migration of chemical constituents
dentiflcaton and assessment and research program devel- during open-water disposal of dredged materials. Ken-

opmen, pp. 35-55. November 1972. Technical Report H-72- neth Y. Chen. Shailendra K. Gupta, Amancio Z. Sycip, James
8. C. S. Lu, Miroslav Knezevic, Won-Wook Choi. Los Angeles,

Estimates are given of the average annual amounts of new CA, University of Southern California, Environmental Engineer-
and maintenance dredged material disposed of in open water, ing Program, February 1976. Contract Report 0-76-1 (NTIS
together with estimates of average annual amounts of different No. AD-A022 144).
types of spoil. The relative usage and operating practices of An extensive laboratory investigation of the effect of disper-
pipeline, hopper, sidecaster, dipper, clamshell, and bucket sion, settling, and resedimentation on migration of chemical
dredges are discussed in relation to open water disposal. constituents during open-water disposal of dredged materials
Finally, the literature on the environmental impacts of open is described following a brief review of the literature The
water dredging and disposal is reviewed. For an overall study shows that concerns regarding the release of any
summary of Technical Reoort H-72-8, see abstract no. 22. significant quantity of toxic materials into solution phase are
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unfounded. However, it is indicated that trace metals and acids), which are groups of naturally occurring polymeric
chlorinated hydrocarbons associated with macromolecular molecules containing carbonyl, hydroxyl, and carboxylic acid
organics and suspended particles released to the water functional groups capable of interacting with metals. Nonhum-
column as a result of dredging may have some unknown ic substances covered are proteins, enzymes, and amino
effect. The results of an investigation of the chemistry of acids, such as leucine, which are capable of complexing
chlorinated hydrocarbons and organo-metallic complexes as metals. The role of metal-organic complexes is discussed,
related to their bioavailability are also presented. Fifty-five and analytical techniques for characterizing them, such as gel
tables and 43 figures are included. 155 references. (Author permeation chromatography and anodic stripping voltamme-
abstract modified) try, are described. For an overall summary of Contract Report

D-76-7, see abstract no 26.

026
028

Effect of sediment organic matter on migration of
various chemical constituents during disposal of Transformations of heavy metals and plant nutrients In
dredged material. B. E. Blom, T. F. Jenkins, D. C. Leggett, R dredged sediments as affected by oxidation reduction
P. Murrmann. Hanover, NH, U.S. Army Cold Regions Re- potential and pH. Volume 1: Uterature review. A.
search and Engineering Laboratory, May 1976. Contract Khalid, R. P. Gambrell, M. G. Verloo, W. H. Patrick, Jr Baton
Report D-76.7 (NTIS No. AD-A027 394). Rouge, LA, Louisiana Agricultural Experiment Station, Louisi-

Laboratory studies were conducted to evaluate the direct and ana State University, May 1977 Contract Report D-77-4 (NTIS
indirect effects of sediment organic fractions on the migration No. AD-AO4 1 468).
of various chemical constituents during aquatic disposal of Literature on the occurrence and chemistry of selected trace
dredged materials. A literature review also was conducted to metals and plant nutrients in sediment-water systems is
determine specifically the physical/chemical nature of sedi- discussed. The effects of pH and oxidation-reduction condi-
ment organic matter and metal-organic interactions. Three tions on metal and nutrient chemistry are enphasized where
different sediments from New York Harbor and the Great this information is available. The toxic and nutrient elements
Lakes Region were evaluated in seawater and freshwater. In included are lead. cadmium, mercury, arsenic, selenium.
addition, Great Lakes sediments were placed in seawater to copper, zinc, manganese, iron. nitrogen, phosphorus, and
evaluate the effect of disposal site water salinity on less sulfur. The scope and limitations of various selective chemical
brackish sediments. Long-term studies examined the possibil- fractionation procedures developed to determine the chemical
ity of transport of material from sediments into an overlying forms of trace metals and nutrients in soil and sediment-water
water column and monitored the changes in the aqueous systems also are reviewed. This review determined that many
phase which initially contained large amounts of suspended laboratory studies simulating the transport of reduced sedi
matter. Specific components migrating from the sediment into ments to an oxygenated environment have reported some
the water column include ammonium-nitrogen, orthophosp- release of toxic metals and biostimulants and others have
hate, cadmium, and manganese, the latter only in seawater shown no release of many elements However, too few
media. Organic carbon and inorganic nitrogen underwent studies (at the time of these investigations) of actual dredging
transformation with the systems investigated. Both sediment and dredged material disposal operations have been com-
organic carbon and soluble organic matter were generally pleted to draw broadly applicable conclusions regarding the
found to have no demonstrable effect on water quality with the effects of dredging on water quality 414 references (Author
exception of two sediments containing significant amounts of abstract modified)
petroleum hydrocarbons. Appendices to this report describe
(1) additional analytical data and (2) particle size analysis and
mineral identification 109 references For a separate section _
of the report, see the following abstract 029

Tresformatlone of heavy metals and plant nutrlents In
027 dredged sedimllts as affoct by oxidton reducti

potential and pH. Vokme I1: Materials and meth-
oda/result and diecuselon. R P Gambrell. R A Khalid,

(Org n ce In natural water sytem and orgalo-metal M G Verloo. W If Patrick, Jr Baton Rouge, t A, Louisiana
mplexee i natural water sysems review of Uters- Agricultural Experiment Station, Louisiana State iniversity.

twe.] In: Effect of slnent orgaftc matter on migration of May 1977 Contract Report 0-77 4 (NTIS No AD A041 469)
vadous chemIcal constlituente duing diluoaal of dredged Studies on the influence of pH and redox potential on metal
material, pp 5-23 May 1976. Contract Report D.76-7 chemistry in sediment-water systems are described One

A review of the literature on the physical/chemical nature of laboratory study was conducted to determine the effects of pH
sediment organic matter and metal-organic interactions in and oxidation-reduction conditions on the distribution of
natural water systems is presented The types of soluble mercury, lead, cedmium, zinc, copper, manganese, iron
organic compounds identified in natural waters are reviewed phosphorus, and ammonium nitrogen among selected chem,
briefly, they include fulvic acids (and their parent humic cal forms in sedimerit-water systems from tour sites Anothei
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study was carried out to determine the effects of pH and erty protection, pollution control, and other) and correspond-
oxidation-reduction potential on the capacity of the sediment ing locations and physical configurations. Examples of exist-
materials to retain high levels of added toxic metals. The effect ing and proposed onshore and offshore fill discharge projects
of dissolved oxygen on the chemical form and distribution of and of man-altered fill materials (dredged material, municipal
metal ions and nutrient elements in Barataria Bay (coastal solid wastes and incinerator residue, coal ash, mine tailings,
Louisiana) sediment suspensions and metal complexation and various sludges) are presented. For an overall summary

with soluble organics in Barataria Bay sediment material are of Technical Report D-77-29, see abstract no. 30.
discussed. Sampling site location maps and data tables are
provided in the appendices to the report. 75 references.

032

030
Physical, chemical, and biological Impacts. In: An assess-
ment of problems associated with evaluating the physical,

An as mentof ap robl emsoced with evalluating chemical, and biological impacts of discharging fill material,
the physical chenca and ' logcal IpaCts of dle. pp. 22-91. December 1977. Technical Report D-77-29.
charging flmel L. W. Canter, E. H. Klehr, J. W.
Laguros, L. E. Streebin, G. D. Miller, D. R. Cornell. Norman, Overviews of general physical, chemical, and biological
OK, University of Oklahoma, School of Civil Enaineering and impacts of fill discharge activities are presented, and antici-

Environmental Science, December 1977. Technical Report D- pated impacts are examined according to the type of fill

77-29 (NTIS No. AD-A052 519). material. The usefulness of the Elutriate Test and the bioassay
test for identifying anticipated environmental effects from the

A multidisciplinary evaluation of difficulties associated with discharge of fill material is evaluated. The Elutriate Test is a
determining environmental changes resulting from fill material second generation attempt to predict the impacts of dredging
discharges is presented. A literature survey was conducted to operations. More information is neded on the reliability of its

pinpoint technical deficiencies. A weighted-rankings tech- results ior dredging operations. The bioassay test has many

nique was employed to establish priorities for administra- limit s a n e ra tion of test r t m a ct

five/procedural and technical problems. While technical infor- prediction must be considered carefully. Research is needed
mation does exist regarding the environmental impacts of to a s approiee cnditins.anddevelo informd

to establish appropriate test conditions and develop sforma-
various types of fill material used in a number of projects, tion on the reliability of bioassay results. For an overall
there are major informational deficiencies relative to impact summary of Technical Report D-77-29, see abstract no. 30prediction, assessment, and mitigation. Among other areas,

accompanying tables cover the following topics: effects of
construction projects on water quality; water pollution from
construction activities cause/effect matrix; administra-
tive/procedural problems related to fill material discharge;
technical problems and needs related to fill material dis-
charge; and weighted-rankings of technical problems and
needs. Appendices to the report contain: (1) a legal and Organisms
legislative history of Corps dredging; (2) regulations and
guidelines relating to requirements for fill discharge; (3) 033
informational contacts; (4) methodologies for environmental
impact assessment; (5) case studies on discharging fill Methods of di dyed oxygen budget aye for as-
materials; (6) information on minimization of environmental "a" effe of d dge mte dapoea on biologi-
impacts; and (7) engineering design considerations for fill cal community metabolism. Final reo George M
material protects. 284 references. For separate sections, see Hornberger. Mahlon G. Kelly. Charlottesville, VA, University of
the following two abstracts. Virginia, November 1975, Contract Report D-75-3 (NTIS No

AD-AO18 340).

Three computer programs for calculating a continuous func-

031 tion (a Fourier series) describing net community productivity in
aquatic environments using measurements of dissolved oxy-
gen concentration, temperature, and salinity with a solution to

- merl and lng aot~tiee an oeriew. In: An the oxygen mass balance equation were prepared These
asin of poblems asmociated wfth et4uatlig Me pertain to the calculation of (1) temporal variation of net

,of idoi do l " k of diecthaglng fill productivity in flowing waters (rivers), (2) depth-averaged net
mililO, pp 7-21 December 1977. Technical Report D-77- productivity for a standing water body, and (3) depth distribu-
29 tion of net productivity in standing waters These methods are

Basic definition and concepts concerning fill material are especially well suited for use with continuous automatic data
discussed, and the magnitude of recent filling activities in the recording and can be effective in assessing the influence of
UnItd Stline i examined An accompanying table summa- dredging and disposal on aquatic communities Appendices
rizes fe categories of fill material discharge (structures and to the report contain- the flowing water program, the standing
impondments, site development, causeways/road fills, prop- water, depth average program, the standing water, depth
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distribution program; and a list of abbreviations used. 19 at an open-water site is considered. 10 references. (Author
references. (Author abstract modified) abstract modified)

034 036

Appkatm of ecosystem modeling metodooas to Aae eamtndlgnificance of ONdlmen-meumtd ol
dredged matarial reeearch. Ross W. Hall, Howard E. and grease In aquai emlronments. Louis H. DiSalvo,
Westerdahl, Rex L. Eley. Vicksburg, MS, U.S. Army Engineer Harold E. Guard, Nina D. Hirsch, James Ng. Oakland, CA,
Waterways Experiment Station, Environmental Effects Labors- Naval Supply Center, Naval Biosciences Laboratory, Novem-
tory, June 1976. Technical Report D-76-3 (NTIS No. AD-A027 ber 1977. Technical Report D-77-26 (NTIS No. AD-A050 044).
207). An extensive literature review and experimental studies on oil

The applicability of physical and mathematical ecosystem and grease determination In aquatic environments are pre-
modeling methodologies to environmental problems associ- sented. The literature survey reviews knowledge on the
ated with dredging and disposal operations is examined. The content, levels, fate, effects, and methods of analyzing oil and
three basic approaches used in environmental physical grease, with particular emphasis on the oil and grease fraction
modeling with varying degrees of success and sophistication associated with natural or simulated sedimentary materials.
are reviewed. These include bioassays, microcosms, and The experimental section details preliminary experiments
scaled ecosystem models. Four rather arbitrary and indistinct conducted to initiate laboratory evaluation of the potenal
classes of mathematical water-quality and ecological models transfer of oil and grease residues (hydrocarbons) from actual
are discussed; they are dissolved oxygen models, chemical dredged material into tissues of selected test species under
models, phytoplankton models, and ecological models. Eco- simulated environmental conditions. The standard elutriate
logical problem areas for which existing modeling techniques test (minus filtration step) was used with one sediment sample
would be useful or for which model development is recom- to determine ifs performance in relation to sedimentary oil and
mended are outlined, and the general applicability of physical grease content. Gas chromatography of selected samples
and mathematical modeling to dredged material studies is provides qualitative results unavailable with the thin-layer
evaluated. Specific modeling approaches are advocated for method. 173 references. For descriptions of tables in this
the following research problem areas: (1) colonization and report, see the following two abstracts.
ecological succession; (2) biological productivity; (3) material
cycling; (4) artificial establishment techniques for habitat
creation; (5) direct smothering of benthic organisms; (6)
oxygen budget analysis; and (7) pollution criteria-develop- 037
ment. A table of ecological problems related to dredged
material disposal and applicable modeling approaches is
appended. 98 references. Table 1: Summary of analytical methods for dotermne-

tion of OlN and gresee. In: Assessment and &gnOllcance of
sedlment-associated oil and grease in aquatic environmenta.
p. 20. November 1977. Technical Report D-77-26.

035 Twenty-one different analytical methods for determining oil
and grease in water and wastewater are reviewed. Gravimet-
ric, volumetric, instrumental, sampling, and continuous moni-

A bl" dasa I p Iie to a tie a n toring methods are included. For an overall summary of
of dredged -a disosel Russell H. Plumb, Jr. Technical Report D-77-26, see abstract no. 36.
Vicksburg, MS, U.S. Army Engineer Waterways Experiment
Station, Environmental Effects Laboratory, September 1976.
Miscellaneous Paper D-76-6 (NTIS No. AO-A030 263).

A laboratory procedure for assessing the potential biological 038
impact of open-water disposal of dredged material is de-
scribed. The procedure incorporates a serial dilution tech-
nique based on dye diffusion studies. This approach is Table : Teehnlquea for the determination of pefrelem

necessary because the effect of a discharge is a function of comp o In sdmn. In: Aaessment and s il-

exposure time and effective exposure concentration, and conce of sleent-asocihted o# and gease In aq9iic

dredged material perturbatins are generally of short duration In*-.,ent p. 32. November 1977 Technical Report D-77-

compared with the time Intervals specified in conventional 26.

biossa. The procedure was tested using sediment samples Commonly used methods for determining petroleum hydro-
and sft water collected from several locations in the Mobile, carbons are summarized. These techniques include: gravime-
Alabama Ship Channel. Dunalhioa tertioiecta was the test try, gas chromatography (with flame ionization and flame

rgenism used to bloassay the standard lutriate. The results photometric detectors), gas chromatography/mess spectrom-
demonstrate that ellmulatory or Inhibitory materials do not etry. fluorescence emission, mass spectrometry, thin-layer
affect an algal population significantly when the rate of dilution chromatography, ultraviolet absorption, Infrared absorption,
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and high pressure liquid chromatography. For an overall The results of a pilot study consisting of a field assessment of
summary of Technical Report D-77-26, see abstract no. 36. the effects of fluid mud on tidal freshwater benthic communi-

ties at the Windmill Point (James River, Virginia) disposal site
are presented. The study was conducted as an adjunct to
more extensive studies on the physical properties of fluid mud

039 at several estuarine sites. The disposal operation. acute
effects at the James River site, general recovery of the
disposal area, effects of fluid mud, and adaptations to

Patternis of succession In benthic ifaunall m munities substrate instability are discussed. The results indicate that
following dredging and dredged material dieposal In the benthic community, dominated by oligochaetes, chiro-
Monterey Bay. John S. Oliver, Peter N. Slattery, Larry W. nomid insect larvae, and the Asiatic clam Corbicula. was
Hulberg, James W. Nybakken. Moss Landing, CA, Moss acutely impacted by the disposal. The impact was noted by
Landing Marine Laboratories, California State University Con- reductions in the fauna and was proportional to the accumula-
sortium, October 1977. Technical Report D-77-27 (NTIS No. tion of dredged material. Appendices to this report list the
AD-A049 632). species taken at benthic sites and the taxonomic classifica-

Patterns of benthic community development in sandy bottom tions of all benthic species. 36 references. (Author abstract

marine communities are discussed in relation to the ecological modified)

effects of dredged material disposal in Monterey Bay, Califor-
nia. Temporal and spatial variations in community structure
are related qualitatively to substrate disturbance caused by
wave activity, and the amplitude of natural variations along the 042

depth gradient is compared to the changes caused by
experimental dredged material disposal. The impact of off- Effects of turbidity and suspended matneriall In a*afc
shore, canyon head, and harbor disturbances is considered. environments. Uterature review. 'Edward M. Stern, 2Wil-
Ancillary experiments and various types of samples collected liam B. Stickle. 'Stevens Point, WI, University of Wisconsin,
are described in the Appendix. 55 references. Department of Biology; 2Baton Rouge, LA, Louisiana State

University. Department of Zoology and Physiology, June
1978. Technical Report D-78-21 (NTIS No. AD-A056 035).

A review of the environmental effects of turbidity, particularly
040 in relation to dredging, is presented. The literature through

1973, and selected references through 1977, are covered. The
discussion centers on definitions, units of measure andAvalablity of ld rbet411ofled cte petcie t methods of measurement, origins of turbidity and suspended

bentio with partculair emphasi on depolit feeding material, and effects of turbidity and suspended material in

Ifauna. M. W. Nathans, T. J. Bechtel. Richmond, CA, LFE

Corp., Environmental Analysis Laboratories, November 1977. aquatic environments. Selected bibliography of 296 items. For

Technical Report D-77-34 (NTIS No. AD-A055 506). separate sections of this report, see the following two
abstracts.

The availability of sediment-associated chlorinated hydrocar-
bon pesticides to deposit-feeding infauna was studied using
artificially prepared, isotopically labeled sediments and an
artificial organic substrate as substitute detritus. There was no 043
measurement of initial DDT body burdens in the test animals
collected. The data did not receive adequate statistical
treatment, and most discussions should be considered quali- IgIns of turbidily and suspended In *qut

tative rather than quantitative. The study demonstrated that a envilronments. In: Effecfs of abiddy and siended matee-

viable pathway exists for the movement of radiolabeled DDT al in aquatic emvionmenfa. Lterftae review, pp. 24-37. June

from freshly tagged artificial sediments to benthic organisms, 1978. Technical Report D-78-2 1.

but additional experiments are needed to fully assess the The natural processes and human activities resulting in
significance of this movement. Appendices contain (1) sedi- turbidity and suspended material in aquatic environments are
ment tagging studies and (2) data tables. 24 references, reviewed. Topics discussed include: erosion and suspension.

resuspension, turbidity maxima, turbidity currents, biological
sources, waste discharges, other causes of turbidity, and
turbidity-reducing processes. The degree of turbidity pro-

041 duced by each of these factors depends upon the character
and concentration of the particles in suspension, as well as
the nature of the body of water itself. In aquatic environments.

e of fiM mud di-d d wari en benot ow the ability to carry suspended sediments ia dependent upon
n eof e i a RiW, Vkgknia Robert J. Diaz, both the current velocity and particle size Accompanying

Donald F. Boesch. Gloucester Point, VA, Virginia Institute of tables, modified from the literature, summarize: critical trans-
Marine Science, Division of Biological Oceanography. De- portation velocities for particles of various sizes; suspended
cember 1977. Technical Report D-77-45 (NTIS No. AD-050 ,edment discharge to oceans from the coterminous United
915). States; and ocean disposal of waste material by coastal

13



region. For an overall summary of Technical Report D-78-21, lems. Two or more toxic compounds may be acting together
see abstract no. 42. or the toxicant concentration may fluctuate. The techniques

used in aquatic testing may vary depending on the type of
toxicant tested and the environmental parameters, such as
temperature or dissolved oxygen, that need to be controlled

044 Toxicant dosing equipment varies with the type of test
species, source of water, and type of toxicant in question
Extensive elaboration of the equipment has led to multiple

Effects of trbld1lty uW susoended atmlal In aquat toxicant delivery systems capable of providing a range of
env rolflmnIt In: Effects of turbiityfandsuspendedmated- concentrations. The two mostwidely used delivery systems
aI in aquatic envlronments. Uterature review pp. 38-88. June are the serial diluter and proportional diluter. For an overall
1978. Technical Report D-78-21. summary of Technical Report D-78-28, see abstract no. 45.
A reviaw of the literature concerning the effects of turbidity
and suspended materials in fluvial, lacustrine, estuarine, and
coastal marine environments is presented. Water quality,
primary production in aquatic environments, selected phyla of
invertebrates, and effects on fish are discussed. The literature 047
indicates that turbidity and suspended solids conditions
typically created by most dredging and disposal operations
are of short duration and are unlikely to produce severe and Test ciganlems. In: Considerations in conducting bioabays,
irreversible ecological effects: possible exceptions to this pp. 36-62. June 1978. Technical Report D-78-23.
generalization are coral reefs and other communities espe-
cially sensitive to turbidity. Any possible effects of turbidity and
suspended material in aquatic environments may be further Selection of bioassay test species is discussed. Selection
minimized by carefully selecting disposal sites, keying opera- criteria are outlined, and species most commonly and most
tions to .easonal cycles in biological activity, and giving infrequently used are considered. The criteria for selection of
special consideration to areas that serve as nursery grounds. species cited by most authors include the following, not listed
For an overall summary of Technical Report D-78-21. see in order of importance type of test, economic importance
abstract no. 42 ecological significance, geographical distribution ease of

capturing, handling, holding, and culturing availability and
local abundance; toxicity responsiveness, consistency of
response to toxicity. and reproductive success under assay

045 conditions. Test species which (1) were previously used in
turbidity bioassays. (2) present special problems, and (3) are
unsuitable for bioassays are mentioned Recommendations

Consideradons In conductig bloeeeays. David R. Rosen- are made for capturing, handling, and maintaining wild-caught
berger, Edward Long, Raymond Bogardus, Elaine Farben- organisms and for culture of test organisms and stock
bloom, Robert Hitch, Susan Hitch. Charleston. IL, WAPORA, populations Recommended test species also are listed For
Inc., Bioassay Laboratory, June 1978. Technical Report D. 78- an overall summary of Technical Report D-78-23, see abstract
23 (NTIS No. AD-A057 203) no 45

The various aspects of bioassay procedures are examined. A
literature review provides an introductory overview of aquatic
bioassays, with emphasis on dredged material bioassay
techniques. Species selection is discussed at length Recom-
mended methods for capturing, handling, and maintaining 048
many plants and animals for use in bioassays are presented

842 references. For separate sections of this report, see the
following three abstracts. Dedged material blioass develonpment. In: Corsidr-

abtons in conducfing bbossays. pp 63-68 June 1978
Technical Report D-78-23

046
The history of bioassay studies conducted with dredged
material is reviewed Such studies have been limited in

PVik of @aul b11IMMIY. In: Con derators in number and scope Benthic bioassays with dredged material
contuw ailsa pp. 12-35. June 1978. Technical Report have been even more limited than water-column bioassays
D-78-23. Water-column impacts have been minor In contrast, bioassay

The literature on aquatic bioassy is reviewed. Topics dis. results suggest that dredged sediments can, under certain
cussed include: history of aquatic toxicity, scope of aquatic circumstances, adversely affect benthic and epibenthic orga-
blohy varability of aquatic biciassay testing, proposed nisms which survive burial during the disposal operation or
standard procedures, and bioassay equipment Aquatic recolonize the site after disposal operations cease For an
bioessays, wttch were develop from pharmacological drug overall summary of Technical Report 0-78-23. see abstract
tatting techniques, often encounter complex toxicity prob- no 45
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Effects of suspended dredged material on aquatic Availability of @edkment-amobd heavy metals to ben-
animals. Richard K. Peddicord, Victor A. McFarland. Bodega Om with partillar emphasis on depolit-feedinl knfs-
Bay, CA, University of California, Bodega Marine Laboratory, nas. Jerry W. Neff, Robert S. Foster, J. Frank Slowey. College
July 1978, Technical Report D-78-29 (NTIS No. AD-A058 Station, TX, Texas A&M Research Foundation, August 1978.
489). Technical Report D-78-42 (NTIS No. AD-A061 152).

Biological laboratory studies were conducted to evaluate the

Laboratory studies were conducted to evaluate the impact of bioavailability of sediment-adsorbed heavy metals to benthic
suspensions of relatively uncontaminated and contaminated invertebrates. For these studies, five test organisms (Rangia
harbor and river sediments on juvenile and adult marine, cuneata, Palaemonetes pugio, Palaemonetes kadiakensis,
estuarine, and freshwater fish and invertebrates. Studies of Neanthes arenaceodentata, and Tubifex sp.) were exposed to
survival and tissue accumulation of contaminants were con- metal-enriched natural sediments for periods up to six weeks
ducted for 21 days' exposure to suspended sediments in a at different salinities. The test sediments came from Texas City
flow-through aquarium system. Suspensions of the more and Corpus Christi, Texas, ship channels and the Ashtabula,
highly contaminated sediment were more harmful than uncon- Ohio harbor. The accumulation of eight heavy metals (cadmi-
laminated sediment. Even so, mortalities occurred only after um, chromium, copper, iron, manganese, nickel, lead, and
longer exposures to higher concentrations of suspended zinc) by all species and of two metals (mercury and vanadi-
sediment than typically occur in the water column during um) by selected species was measured. Statistically signifi-
dredging or disposal. Tissue accumulation of contaminants cant accumulation of metals from sediment was demonstrated
from suspensions of contaminated sediment proved to be the only 36 times (26.5%) out of 136 metal-species-sediment test
exception rather than the rule. Of 100 species-salinity-contain- combinations. Variations in bioaccumulation were observed
inant combinations for which uptake was investigated, tissue between species, metals, sediments, and salinity. Correlation
accumulation was found in less than 25 percent of the cases. was not observed between accumulation and specific metal
In those cases where tissue accumulation did occur, concen- forms as determined by selective chemical extraction of test
trations were only a few times higher than in the correspond- sediments, and bulk metal analyses of the test sediments also
ing control animal tissues. Appendices to this report describe did not correlate with metal bioavailability. Appendices to this
conditions in freshwater, marine, and estuarine experiments, report contain: (1) 19 tables showing analysis of variance of
54 references. (Author abstract modified) heavy metal uptake by five species of benthic invertebrates

exposed to three sediments in short-term and long-term tests
(2) a brief outline of the nonsequentia! extraction procedures
used during all or part of this study; and (3) Environmental
Protection Agency Region V and VI suggested guidelines for
disposal of metal-laden sediments in open waters 139

050 references. (Author abstract)

verdeal Op - tk fbni In shnullted dreige-d
niet!overburdens,. Volum 1: Marlin e tme. Dr L.

Maurer, R. T. Keck, J C Tinsman, W. A Leathern, C. A 052
Wethe, M. Huntzinger, C Lord, T. M. Church Lewes, DE,
University of Delaware, College of Marine Studies, June 1978. Dealgn of a laboratory ilcroom for evaluting eftcts
Technical Report D-78-35 (NTIS No AD-A058 725). of dredge mateial diposi on marsh-ebstawne eco-

system. Vicksburg, MS. U.S Army Engineer Waterways
The effect of simulated dredged material disposal on the Experiment Station, Environmental Laboratory, Ecosystem
vertical migration ability and survival of benthic invertebrates Research and Simulation Division, August 1978 Technical
was investigated. The species included the bivalves, Merce- Report D-78-52 (NTIS No AD-A058 953)
naris mercenaria and Nucula proxima; the mud snail, Ilyanas- The use of laboratory microcosms to evaluate environmental
sa obsolete; the polychaete worms, Scoloplos fragifis and effects of dredged material disposal in salt marsh-estuarine
Nereis succinea; the amphipod crustacean, Parahausforius systems was assessed A preliminary design was formulated
logimerus; and the xanthid mud crab. Neopanope sayi consisting of three separate compartments--high marsh, tidal
Animals were exposed to varied layers of natural sediment in creek and creek bank marsh, and estuary, which were
different sizes of plastic cores and larger aquaria Sediment interconnected with pumps controlled by a series of timers for
types ranged from 100 percent sand to 100 percent silt-clay simulating tidal cycles Areas of the various compartments as
The discussion emphasizes the influence of sediment type, well as tidal height and exchange were based on data
sediment depth, duration of burial, and temperature on the obtained for Barataria Bay. a salt marsh estuary in southern
two basic patterns of burrowing response The unexpected Louisiana The approach was tested in an experiment de-
ability of many of the species tested to migrate vertically and signed to compare the nutrient flux and biological community
survive successfully in relatively thick deposits of native and metabolism of a natural sell marsh with a marsh developing
exotic sediments also is emphasized. Chemistry data are on dredged material For purposes of evaluation, two micro-
appended to the report 63 references cosms were constructed, each containing a as marsh tank
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and a tidally linked estuary tank. Rates of nutrient flux and the dredge plant is analyzed, and suggestions on turbidity
community metabolism in the microcosms compared favor- reduction through maintenance and operation of the compo-
ably with published values from field studies. Final design nents are provided. Better training of dredgemen and inspec-
recommendations are formulated, and the use of microcosms tors combined with an increase in the number of inspectors
for addressing environmental effects of dredged material are emphasized as being necessary to reduce turbidity
disposal is discussed. Marsh-estuarine microcosms appear to resulting from poor technique on the part of dredging
be useful for determining effects of engineeering activities and personnel. Improvements in the preparation of contracts,
resource management alternatives on many basic ecological plans, and specifications associated with dredging operations
functions of salt marsh-estuarine systems. 29 references. and the standardization of a materials classification system
(Author abstract modified) will also reduce turbidity. For an overall summary of Contract

Report D-76-4, see abstract no. 53.

055
Turbidity and Fluid Mud Prediction and Control

A laboratory study of the turbidity generation potential
of sediments to be dredged. Barry A. Wechsler, David R.
Cogley. Wilmington, MA, Walden Division of Abcor, Inc.,

Techlnique for reducing turbidity assciated wnh pri- November 1977. Technical Report D-77-14 (NTIS No. AD-
sent dredging procedures and operations. John W. A055 646).
Huston, William C. Huston. Corpus Christi, TX, John Huston,
Inc., May 1976. Contract Report D-76-4 (NTIS No. AD-A026 In order to elucidate the effects of physical and chemical
623). factors which control particle-settling rates and thereby

Operational techniques that can be used with existing techno- develop the means to predict the extent of dredging-related
turbidity, a series of laboratory jar tests was performed. The

ogy and equipment to reduce turbidity created by a dredging turbidity of suspensions of three pure clay samples and eight
plant were examined. The study focused primarily on hydrau- natural sediments was monitored as a function of time in
lic dredging. Attention was paid to the cost and ease of waters of various salinity, hardness, and pH. A turbidity plume
implementation as well as to the effect on dredge operation model was developed which accounts for flocculation in
and production rate. Techniques for reducing turbidity fall into suspensions of dredged material. Appendices describe (1)
the categories of the cutter, ladder, suction, hull, pipeline, susiens ng and hadli de s cre(
connections, barges, tenders, personnel, inspection, con- sediment sampling and handling details; (2) sample charac-
tracts, plans, and specifications and consist principally of terization procedures; (3) composition of synthetic sea salt,

good dredging procedures and the proper use of existing (4) turbidity testing of subscripts-treated sediments; (5) turbid-

equipment. Recommendations for reducing dredge-induced ity data; (6) replicate test data; and (7) the plume model

turbidity include: improved supervision and inspection proce- computer program. 41 references. (Author ,bstract modified)

dures; improvement of contract specifications; dredging dur- For separate sections of this report, see the following two

ing periods of high background levels of turbidity; and abstracts.

nationwide training for dredging operators, supervisors, and
inspectors. This study is the first of a series of reports on
possible measures for controlling turbidity. Subsequent work
will provide information on flocculants, silt curtains, and 056
submerged pipeline discharge. Proposed additional studies, a
selected bibliography of 42 items, and a glossary of 94 terms
used in the dredging industry are included in appendices. For Uterature evaluatlon of factors controling turtid . In:
a separate section of the report, see the following abstract. A laboratory study of the twrbd generation potential of

sediments to be dredged, pp. 13-25. November 1977
Technical Report D-77-14.

054 Pertinent literature is reviewed to determine which sediment
and water characteristics are likely to affect turbidity [actors
expected to be important based upon previous studies

Analysis of elffe of operational procedures on tud include sediment compositional characteristics, such as parli-
ty geneaon nd conltrol. In: Thn fqes d cle-size distribution, clay mineralogy, and organic content,
tLrbifty associated wfth peet dredging procedures and water compositional factors including pH, %alinity (in estuarine
opeations, pp. 17-74. May 1976. Contract Report D-76-4. waters), and hardness (in fresh waters), a'id physical effects
The effects of operational procedures on turbidity generation influencing coagulation and settling, such as temperature and
and control in dredging operations are analyzed with respect turbulence. The factors to be investigated experimentally in
to dredge plant components, operational techniques, person- the study were selected on the basis of this literature review
nel, material classification, and contracts, plans, and specifi- For an overall summary of Technical Report D77.14. see
cations. Turbidity generation associated with components of abstract no 61
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references (Author abstract modified) For separate sections of

057 this report, see the following two abstracts.

Turbidty model In: A Aboiatory study of the
turbiify generation potelii of sedinents to be dredged, pp. 059
86-112. November 1977. Technical Report D-77-14.
A turbidity plume model based upon jar-test data was
developed as a means of predicting the concentration of A suspended solids plume model and Its applicaton. In:
suspended sediment downstream from a line source (hydrau- Field investigations of the nature, degree, and extent of
lic pipeline dredge discharging in open water) as a function of turbidity generated by open-water p*pe/in disposal opera-

sedimentation data (from jar tests) and hydraulic parameters t/ons, pp. 102-152. July 1978. Technical Report D-78-30.

(eddy diffusion and current velocity, among others). The The model developed to describe the characteristics of
derivation of the mathematical model, the utilization of jar-test suspended solids plumes which form in shallow estuarine or
data, the numerical solution method, and a sample calculation coastal waters during dredging operations involving open-
are presented. The model predicts the downstream concen- water pipeline disposal is described. The objective has been
tration gradient of silt and colloidal-size fractions of dredged to develop a predictive model which would provide maximum
sediments discharged in waters characterized by unidirection- information on the spatial distribution of suspended solids
al constant flow, essentially infinite width, constant depth, and concentrations from minimum information on local hydrogra-
infinite length. Density gradient settling, salt wedges, narrow phy, the intensity of advective and dispersive processes, the
channels, tidal flows, and complex circulation patterns are configuration of the discharge, and the characteristics of the
beyond the scope of the model in its present state of material being discharged. The emphasis has been on
development. Data in this report were used to develop the simplicity. Results are for a steady and spatially uniform
final model that is described in Technical Report DS-78-13 ambient flow field, and they relate to vertically averaged
(abstract no. 13). For an overall summary of Technical Report concentrations only. Turbidity plume characteristics are pri-
D-77-14. see abstract no. 61. marily dependent on the discharge rate of the dredge, the

settling velocity of the suspended dredged material, the water
depth, the hydrodynamic regime (i.e., current velocity and
diffusion velocity) of the disposal site, and the age of the

058 plume. Several estimates of dredged material partitioning
between the turbidity plume and the bottom layers indicate
that 97 to 99 percent of the discharged slurry rapidly settles to

Flid Inveelgations of the nature, degree, and extent of the bottom of the disposal area within a few tens of meters of
turbidity generated by opel-weli' ppeline dispoll the discharge point. The remaining 1 to 3 percent is
opeations, J. R. Schubel, H. H. Carter, R. E. Wilson, W. M. incorporated into the plume. For an overall summary of
Wise, M. G. Heaton, M. G. Gross. Stony Brook, NY, State Technical Report D-78-30, see abstract no 58.
University of New York at Stony Brook. Marine Sciences
Research Center, July 1978. Technical Report D-78-30 (NTIS
No. AD-A058 507).
The characteristics of turbidity plumes in the vicinity of open- 060
water pipeline disposal operations were evaluated, and the
distribution and concentration of dissolved heavy metals,
nutrients, and dissolved oxygen were assessed. Based on Openowateir pipeline disposal and disolved oxygen
field studies conducted In Corpus Christi Bay (Texas), Atchaf- demand. In: Field investigations of the nature, degree, and
alaya Bay (Louisiana), and Apalachicola Bay (Florida), a extent of turbidity generated by open-water ppeline disposal
simple model was developed to predict the spatial and operations, pp. 223-240 July 1978 Technical Report D-78-
temporal distributions of suspended solids in turbidity plumes. 30.
No well-defined plumes of dissolved metals were observed at A simple method for estimating short-term oxygen demand is
any of the three sites, indicating that dissolution of metals from described and discussed in the context of field observations
the suspended solids was limited. Elutriate test results using of oxygen sag in Apalachicola Bay. The estimate of oxygen
the channel sediment were found to have limited use in demand, the demand that was satisfied, is compared with the
predicting changes in concentrations of dissolved metals potential oxygen demand estimated from typical geochemical
during open-water disposal operations. A simple model was analyses of interstitial waters of estuarine sediments and with
developed to predict concentrations of particle-associated the measured oxygen demands for cores taken in the
constituents. Although large quantities of reduced sediment Apalachicola Bay channel The oxygen demand estimated
with a high oxygen demand are introduced into the water from chemical analyses of interstitial waters was about 0.4 mg
column during open-water pipeline disposal operations, only a 02/g sediment. The oxygen demand measurements from
small fraction of this material is reactive on a time scale actual cores were about 1.1 mg 02/g sediment. While the
comparable to that associated with the settling of the vast excellent agreement between the oxygen demand calculated
majority of the dredged material slurry. Appendices to this from observed oxygen depression and the oxygen demand
report describe: (1) suspended solids measurements; (2) estimated from interstitial water analyses is somewhat fortui-
grain-size analysis of bottom sediments; (3) instrumentation; tous. it supports the argument that observed oxygen sags are
and (4) chemical analytical methods and model contours 66 largely the result of oxidation of easily oxidized dissolved
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species in interstitial waters and perhaps, to some extent, of associated with a moderate discharge rate over a long period.
oxidation of the surfaces of sulfide minerals. For an overall a vertically oriented discharge configuration, and muds with a
summary of Technicat Report D-78-30, see abstract no. 58. moderate plastic limit and a relatively low liquid limit. After

disposal, the fluid mud consolidated, bulk density increased.
and slopes decresed Height and volume of the James River

_________________________________________ mound decreased about 50 percent in a year. Appendices to
061 this report describe laboratory procedures. 21 references.

(Author abstract modified)

An anatlysla of the functional capabilites and perfor-
mance of sli curtains. Witmington, MA, JBF Scientific Corp., ________________________
July 1978. Technical Report D-78-39 (NTIS No. AD-A060 063
382).
Analytical studies and field measurements were made during
actual silt curtain operations to provide guidance on silt Evaluation of the submerged discharge of dredged
curtain usage. When silt curtains, or turbidity barriers, are material slurry during pipeline dredge operations. Robert
used to enclose open-water pipeline disposal operations for W. Neal, George Henry, Stephen H. Greene. Wilmington, MA,
fine grained material, 95 percent or more of the dredged JBF Scientific Corp., August 1978. Technical Report D-78-44
material slurry descends to the bottom of the disposal area (NTIS No. AD-A062 616).
where it forms a fluid mud layer The remaining 5 percent or A study conducted to investigate the feasibility of using
less of the dredged material slurry is responsible for the submerged discharge to control the turbidity generated when
turbidity in the water column. A silt curtain that is properly a pipeline dredge discharges a fine-grained dredged material
deployed and maintained provides a mechanism for control- slurry into open water is described. The program included a
ling the dispersion of turbid water by diverting its flow under survey of field practices, a literature survey, analytical investi-
the curtain. The effectiveness of the silt curtain depends on the gallons, and numerous flume tests. The experimental investi-
nature of the operation, the characteristics of the material in gation was performed at reduced scale in an 8-ft-wide by 32-
suspension, the type, condition, and deployment of the silt ft-long by 2.5-ft-deep test tank that was specially constructed
curtain, the configuration of the enclosure, and the hydrody- for the program. Two series of tests were run. The influence of
namic regime present at the site. Under quiescent conditions, water type, sediment type, bottom type, solids concentration,
turbidity levels outside a curtain that is properly deployed and and discharge velocity, angle, diameter or area, and height
maintained may be reduced by 80 to 90 percent. An upper above the bottom was examined. The results of the experi-
limiting current velocity for typical silt curtain usage appears to mental program demonstrate that striking reductions in turbidi-
be approximately 1.5 ft/sec. An alphabetical listing of compa- ty can be realized with a submerged discharge processor that
nies who manufacture silt curtains and whose products were diffuses the flow, minimizes entrainment and discharges the
reviewed during this study is appended. 15 references, slurry close to the bottom. The proposed design incorporates
(Author abstract modified) a conventional conical diffuser and a radial discharge section.

A full-scale submerged discharge diffuser and a support and
positioning barge were designed, and a cost estimate was
prepared for the detailed design and fabrication of a complete

062 system. Appendices to this report present (1) the results of a
survey of Corps of Engineers and private dredge operators

- who have been involved in open-water discharge and (2)
A field study of fluid mud dredged material: it physical sediment concentration profiles for the baseline and proces-
nature and dispersal. 'Maynard M. Nichols, 'Galen S. sor tests. 6 references. (Author abstract) For a separate
Thompson. 2Richard W. Fas 'Gloucester Point, VA, Virginia section of this report, see the following abstract.
Institute of Marine Science; 2Easton, PA, Lafayette College,
July 1978. Technical Report 0-78-40 (NTIS No. AD-A058
952). __________________________
Open-water disposal of dense suspensions of fluid mud with 064
concentrations of 10 to 480 g/l was studied at field sites in
Mobile Bay, Alabama arnd the James River, Virginia in an
attempt to determine the significance of fluid mud in dispersal Full-scale predictions. In: Evaluation of the submerged
of dredged material and in generation of turbidity. The bulk of dischage of dredged material slurry during pipeline dredge
the dredged material, more than 99 percent at the Mobile Bay operations pp 154. 172. August 1978. Technical Report D.
site, was dispersed in the form of fluid mud near the bottom, 78-44.
whereas less than 1 percent was dispersed through the water Methodology for predicting full-scale behavior of dredged
column. Disposal created a deposit that spread over an area 5 material discharges based on tank tests is discussed Predic-
to 13 times the dredged area in the channel. Disposal raised lions of full-scale mud flow parameters can be made by
the bed, forming dense layers in mounds 0.8 to 2.2 m high scaling the experimental results up to a full-scale dredging
having slopes 1: 125 to 1:2000. Broad spreading at the Mobile arrangement. For such predictions lo be correct, the full-scale
Bay site was associated with a high discharge rate over a conditions must be geometrically similar to the experimental
short period, a low discharge angle, and muds with high conditions and must be characterized by the same Froude
plastic and liquid limits. Mounding at the James River site was number. A method for predicting full-scale mud flow parame-
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ters is described which involves the use of five sets of curves control its behavior, including salt content of the sediment,
and six computational steps. The method scales up the slurry solids concentration, bottom slope, slurry flow rate,
parameters of the baseline configuration according to con- water current, and surface waves. The fluid mud system was
stant Froude numbers and then applies correction factorr or characterized by head wave velocity, cloud height, fluid mud
those properties that do not match the example. A sanple layer thickness, concentration profiles, and bottom sediment
computation shows that a diffuser processor can provide a deposition, with settling playing an important role in the mud
cloud height of 2 ft off the bottom, while a 20 deg submerged system dynamics. When settling was present, the head wave
pipe would produce an 11 ft cloud height. For an overall sytmdnic.Westlngwspsnthhadavpipewoud prduc an11 f clud high. Fr anoveall and mud flow slowed down and eventually stopped. In its
summary of Technical Report D-78-44, see abstract no. 63. an mud se d uwnand tu top. In itsabsence, the mud system sustained its motion. Slurry flow

rate and solids concentration influenced the mud system in
accordance with the constant densimetric Froude number

065 relationship. Bottom slope indicated the strongest control over
the dynamics of the mud system. A minimum downslope
angle of 0.75 deg (slope 1:76) was required for the flow to

Laboratory Inveetlgaion of the dynamrics of mud flows sustain itself. Surface waves set up orbital motion throughout
generated by open-water pipeline dhpomal operations, the water column but did not hamper the net forward motion of
George Henry, Robert W. Neal, Stephen H. Greene. Wilming- the mud system. When the bottom orbital velocity exceeded
ton, MA, JBF Scientific Corp., August 1978. Technical Report 0.06 fps, suspended sediment at the water column/mudflow
D-78-46 (NTIS No. AD-A062 480). interface was transpported upward in the water column.

The fluid mud system originating at the discharge point of Appendices to this report present: (1) the head wave velocity
open-water pipeline disposal operations was studied in a as a function of downrange distance from the origin; (2) the
laboratory setting. The objective was to define the dynamics sediment deposit profiles; and (3) the sediment concentration
of the mud system and to quantity the primary variables that profiles. 19 references. (Author abstract)
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CHAPTER 3: SPATIAL AND TEMPORAL DISTRIBUTION OF DREDGED
MATERIAL DISCHARGED INTO HYDROLOGIC REGIMES

066 068

Sedimentation factors In open water disposal. In: Dispos- Invstgation of mathemfltcal models for the physical
al of dredge spoil: problem identification and assessment fate prediction of dredged material. Billy H. Johnson.
and research program development, pp. 76-85. November Vicksburg, MS, U.S. Army Engineer Waterways Experiment

1972. Technical Report H-72-8. Station, Hydraulics Laboratory. March 1974. Technical Report
D-74-1 (NTIS No. AD-776 368).

Studies relevant to the development of mathematical models
Sedimentary patterns and processes in estuarine zones, the of ocean, estuarine, and riverine disposal of dredged material
continental shelves, and the Great Lakes are outlined, particu- have been identified from the literature and from contact with
larly in relation to the potential for environmentally compatible research groups. The identified studies are summarized in
disposal of different types of spoil in these areas. The some detail and their limitations outlined. Recommendations
possibilities of deepwater disposal, including ocean basins are made for additional research needed in this area. The
and submarine canyons are considered. Shoaling reduction Appendix gives the settling velocities of sediment particles in
and control also are mentioned as possible indirect methods a water column. 59 references. For separate sections of this
of alleviating spoil disposal problems. For an overall summary report, see the following four abstracts.
of Technical Report H-72-8. see abstract no. 22.

069

067 Transport phenomena In aquatic environments. In: Inves-
tigation of mthvTatcal models for the physical fate predic-
tion of dredged material, pp. 4-11. March 1974. Technical

Assessment of the factors controlling the long-term fate Report D-74-1.
of dredged matemlal deposited In unconfined sdbs Following a general discussion of the physical processes
queous disposal areas. David R. Basco, Arnold H. Bourne, responsible for transport phenomena in a turbulent body of
Wayne A. Dunlap. College Station, TX, Texas A&M University, fluid, a brief review is made of the results of published studies
December 1974. Contract Report D-74-8 (NTIS No. AD-A009 of diffusion and dispersion coefficients. For an overall summa-
127). ry of Technical Report D-74-1, see abstract no. 68.

The literature on dispersion of dredged material in
waters, particularly estuarine areas, is revif ,ed as th. sis 070
for a subsequent evaluation of factorn '1 mecl-.4,iisms
affecting the ultimate, long-term fate of .... material. The
review covers field studies, model studies, and fundamental Models and relevant studIes appica to ocean dupos-
studies on sediment transport. A determination Is made of the &L, In: Inveslation of mathematical models for the physical
underlying mechanisms involved in scour, transport, and fate predcllion of dredged mterial, pp. 12-25. March 1974.
deposition. Field and laboratory methods and equipment for Technical Report D-74- 1.
measurement and analysis of all variables of interest are then Two mathematical models potentially applicable to ocean
discussed. Finally, an integrated systems approach to the disposal of dredged material are discussed in detail. These
tuture study of dredged material dispersion is recommended. are: (1) the Koh-Chang model for prediction of dispersion and
A summary of all articles reviewed is appended. 226 refer- settling in barged ocean disposal of wastes, and (2) the Edge-
ences. Dysart model for barge-released dredged material. Other
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ocean dispersion studies are briefly reviewed. For an overall
summary at Technical Report D-74-1, see abstract no. 68. 074

State-of-the-art survey and evaluation of open-water
dredged material placement methodology. Edward E.

071 Johanson, Stuart P. Bowen, George Henry. Burlington, MA,

JBF Scientific Corp.. April 1976. Contract Report D-76-3 (NTIS

Transport studies relevant to estuarine disposal. In: No. AD-A027 024).
Investgation of mathematical models for the physical fate A study was conducted to establish the feasibility of controlled
prediction of dredged material, pp. 26-33. March 1974. placement of dredged materials in open water, with special
Technical Report D-74-1. emphasis on the ability to use subaqueous borrow pits as

receptors for the dredged material. Extensive investigation of
Following a review of published studies in the area of the most comprehensive mathematical model for predicting
mathematical modeling of tidal hydraulics and estuarine water dredged material behavior once it left the dump vessel was
quality parameters, three mathematical models potentially conducted, and an attempt was made to establish improved
applicable to estuarine disposal of dredged material are placement methodology. An innovative way to reduce, or
discussed. These are: (1) Van de Kreeke's model for pipeline eliminate, dispersion is described. Appendices to the report
discharge of dredged material, (2) Lawrence Livermore hybrid present (1) the results of the study made to assess the
Lagrangian-Eulerian three-dimensional particle diffusion code application of the Koh-Chang model to predict the behavior of
ADPIC, and (3) Stanford Research Institute's modeling effort dredged material after open-water disposal and (2) a discus-
for disposal in San Francisco Bay. For an overall summary of sion of borrow pit navigation systems, including a categoriza-
Technical Report D-74-1, see abstract no. 68. tion of electronic positioning systems into three groups

depending upon their accuracy. 56 references. For separate
sections of this report, see the following three abstracts.

072

Dispersion studlee relevant to rveri dne poel. In: 075

Invesigation of mathematical models for the physical fate
predicton of dredged material, pp. 34-43. March 1974. Fectors affecting open-water placement. In: State-of-the-
Technical Report D-74-1. art survey and evaluation of open-water dredged material

placement methodology pp. 3-69. April 1976. Contract
Several mathematical studies of sedimentation in open chan- Report D-76-3.
nel flow are reviewed in relation to their relevance to the
development of the dispersion phase of a model of the The factors relevant to precision open-water placement of

disposal of dredged material in rivers. The studies reviewed dredged material are identified and evaluated, with special

are: (1) formulation of the longitudinal dispersion equation, (2) emphasis on borrow pits. These factors are presented under
dispersion of silt particles in open channel flow, (3) entrain- the broad categories of disposal environment (subaqueous
ment and transportation of sediments in an open channel, (4) borrow pits, dredged material characteristics, and transporl
a three-dimensional model for diffusion and settling of sedi- mechanisms); operational coni:derations (navigation and

ments at river mouths, and a model for river disposal of dump phase); and disposal equipment (hopper dredges.

dredged material. For an overall summary of Technical Report barges, and scows). The material discussed in this section is

D-74-1, see abstract no. 68. applied to establish the feasibility of open-water placement
For an overall summary of Contract Report D-76-3. see
abstract no. 74.

073

076

Efets of open-water disposal of dredged mattl on
bottom topography along Temw Gulf Const. David F. Borrow pIt dumping:, f ly e imates. and aitern-
Bastian. Vicksburg, MS, U.S. Army Engineer Waterways tlvee to exteId the feelelbllfy. In: Stateof-the-ar survey
Experiment Station, Hydraulics Laboratory, November 1974. and evaluation of open-water dredged materl placement
Miscellaneous Paper D-74-13 (NTIS No. AD-A002 659). methodology, pp 70-117 April 1976 Contract Report D-76

Hydrographic surveys of hopper dredge disposal areas in the 3

Gulf of Mexico off the coast of Texas were conducted from The feasibility of borrow pit dumping is examined in light of
1962 to 1973. The disposal areas included Freeport, Port factors identified as Leing relevant to precision open-water
Aransas-Corpus Christi, Brazos Island Harbor, Matagorda placement of dredged material. and conclusions are drawr as
Ship Channel, and Port Mansfield. Analysis indicated that to the feasibility of using existing equipment, esseni ily
dumping at these sites had little effect on bottom topography. without modification Dredging and transportation to the F e,
7 references. fAuthor abstract modified) navigation in the borrow pit area, and short-term and lr-ig
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term behavior of material after the dump are discussed. ences. 6-item bibliography. (Author abstract modified) For
Several alternative concepts warrant consideration as poten- separate sections of the report, see the following three
tial improvements for ocean dumping of dredged material, abstracts.
These include: pump down from hopper dredges; pump down
from barges and scows; dredged material modifications; and
two approaches to providing better navigational capability
(setting up a portable Loran D system, and use of precision
systems such as Raydist, LORAC, and some of the Decca 079
systems). For an overall summary of Contract Report D-76-3,
see abstract no. 74. Mad-I ng of dredged material dlecharged Into theem.

rine environienit. In: Development of models for prediction
of short-term fate of dredged materil discharged in the
estuarine environment pp. 5-24. May 1976. Contract Report

077 D-76-5.

Meilloology for covering sibeqllUeou borrow pits. In: Characteristics of dredged material discharges and estuarine
State-of-the-art survey and evaluation of open-water ambient conditions are elements to be considered in modeling
dredged materplacement methodology, pp. 118-133. April of dredged materials discharged into the estuarine environ-
1976. Contract Report D-76-3. ment. The parameters characterizing discharge are those

Numerous studies of methods and effects of borrow pit which describe the method of discharge, such as type of
covering operations are reviewed. Methods for laying a vessel, average volume of material discharged, and duration

ioerig coperations are-ireviewed.y ehrthodser lg af of discharge, and those which describe the physical proper-
uniform cover with low-impact energy each require the use of ties of the discharged material, such as bulk density of
a seagoing hopper dredge. One method distributes the cover material slurry, particle size distribution, particle densities, and
material by means of two spray booms that lay down a wide
swath on each side of the vesse; this method is limited to
noncohesive materials whose settling velocities are approxi- must take into account the classification of estuary, type of

mately 0.5ft/sec. In a second method, the covering material is estuarine circulation, and the approximation of mixing in the

pumped out of the hoppers and discharged through the estuary. User requirements also have to be considered. Foran overall summary of Contract Report D-76-5, see abstract
submerged dragarm in the proximity of the bottom with zero no. sr.

impact energy. This method places untenable demands on the no. 78.

vessel with regard to navigation, however. Broadcasting
systems, such as are used to broadcast seed, are also
considered. For an overall summary of Contract Report D-76-
3, see abstract no. 74. 080

Development of mathematical models for dynmic coon-
078 putatlons. In: Development of models for prediction of short-

term fate of dredged material discharged in the estuaine

Deemt of models f dic of ~.te environment pp. 25-76. May 1976. Contract Report 0-76-5.

of dredged material discharged In the esuarine evilron- The mathematical treatment of the behavior of dredged
ment Maynard G, Brandsma, David J. Divoky. Pasadena, material immediately following its discharge from a barge or a
CA, Tetra Tech, Inc., May 1976. Contract Report D-76-5 (NTIS pipeline is outlined. Instantaneous dumped discharge and jet
No. AD-A027 131). discharge of arbitrary duration are analyzed, In either case,
In order to predict short-term fate of dredged material the material goes through three phases of motion: convective
discharged into the estuarine environment, two numerical decent, dynamic collapse, and passive diffusion. The models
models were developed--one for instantaneous dumped were developed by coupling the appropriate short-term
discharge, and one for moving jet discharge. The models dynamic portions of the Koh-Chang oceanic disposal model
account for land boundaries, depth variations in the estuary, with an extensive modification of a model, originally devel-
ambient current variations in three dimensions and in time, oped by Fischer, for predicting the fate of chemical wastes in
and variations of ambient density profiles in time. The models an estuary. The simplest method of discharge is by instanta-
are capable of tracking up to 12 classes of solid particles plus neous release of material from a hopper barge. Mathematical
the fluid fraction of a discharge through convective descent, modeling of the phases of motion is based upon the
dynamic collapse, and passive diffusion phases. A program of assumption that the cloud of discharged material will behave
model exercise and testing is strongly recommended. When as a dense liquid; therefore, buoyant thermal analysis is
used in cases involving complex ambient velocities, the appropriate. A mathematic formation is presented to account
models will be extremely dependent on good-quality velocity for the convection and collapse of the dredged material let
data. Computer realizations of the models and the structure of plume. An extension of the model is provided to cover the
two computer codes are discussed. A user's manual for both situation in which the let plume encounters the bottom before
computer programs and a listing of the FORTRAN program for other hydrostatic forces avert its motion For an overall
modeling both types of discharge are appended. 29 refer- summary of Contract Report D-76-5. see abstract no 78.
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081 083

Developemt d for pasiw dIvedlffsion. In: Develop- Matnloal d of eetuarlel sediment transiort.
ment of modeefor piracton ofshiortw i teof dredged Ranjan Ariathurai. Davis, CA, University of California. Day,.,
nmltel discharged in the estuarine envrkonmen pp. 77-87. Department of Civil Engineering. Robert C. MacArthur, Oct(-
May 1976. Contract Report D-76-5. ber 1977. Technical Report D-77-12 (NTIS No AD-A047 20:')

A 2-dimensional finite element model for predicting estuarino
sediment transport by simulation of erosion, transport, and

A mathematical model for passive diffusion of discharged deposition of suspended sediments is described The

dredged material following instantaneous dumping or jet breadth-averaged or depth-averaged equations may be used
discharge in the estuarine environment is presented. A depending upon the problem to be solved. The governinrr

scheme developed by Fischer was adapted, and extensive equations for 2-phase transport are derived and then solved

modifications were made to allow for: (1) additional parame- by the finite element method using isoparametric quadrilateral
elements in which a quadratic approximation is made for ther

ters to describe the location of various dredged material suspende imentic oncetrati o S snde s e
suspended sediment concentrations. Suspended sedimentt

constituent clouds; (2) improvements in the treatment of concentrations and bed profile are provided at each time Step.
horizontal passive diffusion; (3) addition of vertical diffusion; Appendices to the report present: (1) finite element deriva-
(4) settling of solid particles; (5) recording of the cumulative tions; (2) flow simulation; (3) finite element grid generator (4)
distribution of material settled to the bottom; (6) generalization contour plotting using shape functions; and (5) a user";
of the diffusion scheme to permit variations in time and space manual for the described model. 31 references. For separate
steps; and (7) smooth transition from short-term dynamic sections of this report, see the following three abstracts.
computation to long-term passive diffusion. For an overall
summary of Contract Report D-76-5, see abstract no. 78,

084

_ op of Cotelve sedImlents. In: Mathematical model

082 of esitmrhl sediment transport, pp. 5-15. October 1977.
Technical Report D-77-12.
Descriptions in the literature of the properties of cohesive

Invoig n of suba queousborow pits potential sediments relevant to the transport process are summarized.
sitels for dr edg naterlil di posi. Jerald D. Broughton. These descriptions are essential to an understanding of the
Vicksburg, MS, U.S. Army Engineer Waterways Experiment model described in this report. Cohesion, aggregation, and
Station, Soils and Pavements Laboratory, May 1977. Techni- settling velocity (effects of concentration, salinity, and dep'th)
cal Report D-77-5 (NTIS No. AD-A043 052). are discussed. For an overall summary of Technical Report 1)

77-12, see abstract no. 83.

A study was conducted to survey existing knowledge of,
inventory, describe, and evaluate the potential for using
subaqueous pits, holes, or depressions as dredged material 085
disposal sites. The scope of the study was limited to an
investigation of the estuaries, bays, rivers, and continental
shelf areas of the Atlantic, Gulf. Pacific, and Great Lakes Transport process In: Mathematical model of estuanal

coasts of the United States. All subaqueous depressions, aedifftransport, pp. 16-24 October 1977 Technical

whether caused by dredging or extraction activities or by Report D-77-12.

natural erosion events, were included. Initial surveys revealed Descriptions of estuaral sediment transport processes ob
that little research has been accomplished on the effects of tained during a succession of laboratory and field studies are

pits, holes, or depressions on the aquatic environment. A highlighted. Erosion, deposition, and mass balance (which

subaqueous site inventory was made which resulted in the must be obtained either by macroscopic consideration or bv
integration if the 2-dimensional form of the convecton-diflulocation of approximately 125 former, existing, or potential sion equation is to be used) are discussed The electrochem,

sbqueous its, holes, or natural de~ressions. The data lcat bond between cohesive particles first must be broken
collected for each of these sites were recorded on a specially before detachment and transport of such materials can lake
designed form and were compiled along with site location place. When the shear stress on the bed is not sufficient to
maps. The data were examined with reference to pertinent resuspend particles that contact and bond with the bed.
literature to obtain qualitative site descriptions. It is concluded deposition occurs Since the sediment-water system is ;
that the potential for having or creating man-made suba- binary solid-liquid mixture, the mass balance for sediniwri
queous sites will depend upon demand and supply of the must be developed carefully The various species move at
products excavated. 62 references. 58-item bibliography different velocities in a diffusing mixture In addition, h,
(Author abstract modified) negatively buoyant sediment particles will settle with respe( t
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to the suspending water, so that the vertical convective included estuarine sites on the Atlantic and Pacific coasts, two
velocity of the water differs from that of the sediment by the sites in the Great Lakes, and one in the open ocean. The
settling velocity Vs. For an overall summary of Technical objective was to observe all of the processes by which
Report D-77-12, see abstract no. 83. dredged material is emplaced on the bottom at a disposal site.

Instrument arrays were designed to define the transit of
dredged material in time and space from the n 3ment of its
release until its final deposition. Optical transmittance, acous-

086 tic pulse echo and water flow measurements with instrument
arrays, and water sampling by continuous pumping were
among the methods used. The mechanical properties of the

Siulan of sediment busu hi the dSavanah EatuP dredged material also were studied. Placement proceeds by a
ary. In: Mafhevn sica model of estAJfiII sediment transport three-step process at all localities, involving descent through
pp. 48-65. October 1977. Technical Report D-77-12. the water column, impact with the bottom, and spread of a
Sediment transport was simulated in the Savannah Estuary in botton surge generated by the impact. The study demon-
Georgia using a 2-dimensional finite element model. Mea- strates the dependence of the placement processes on water
sured and simulated concentration profiles at midstation were depth, currents at the disposal site, and properties of the
compared to determine the accuracy of the simulation, dredged material. Appendices to Volume I present data on:
Considering the fact that constant value for settling velocity (1) dimensions of the hopper dredge Lyman; (2) density and
and diffusion coefficients were used throughout the tidal cycle, distribution of dredged material in the hopper; (3) the potential
the simulated values of suspended sediment concentrations energy of dredged material; (4) energy flow from the hoppers;
compare very well with the measurements. For an overall (5) energy balance in the descent phase; (6) calculated fall
summary of Technical Report D-77-12, see abstract no. 83. velocity of dredged material; (7) impact properties of dredged

material; and (8) field methods. Appendices to Volume II
describe the investigations at the Seattle, Ashtabula, New
York Bight, Rochester 1976, and Saybrook disposal sites and

087 the mechanics of the placement of dredged material, Roches-
ter field study, 1977. 18 references. (Author abstract modi-

Field audy of the fets of ftorms on iedt).ality and

fate of dredged materlal In subaiquioua dlepoeal areas.
Ray B. Krone, Henry J. Bokuniewicz, Jeffrey Gebert, Robert B.
Gordon, Peter Kaminsky, Carol C. Pilbeam, Matthew Reed,
Catherine Tuttle. New Haven, CT, Yale University, Department 089
of Geology and Geophysics, November 1977. Technical
Report D-77-22 (NTIS No. AD-A049 978).
Selected dump sites in Long Island Sound, New York, were Flume epimeits on sand, lilt and clay mlxturee from
investigated following winter storms and a hurricane. Continu- te ofthore dredged matial disposal afte, Galvesiton,
ous records for at least a year of quantities such as wind Texas. Anthony J. Moherek. College Station. TX. Texas A&M

velocity, water level, and current speed were utilized to University, Department of Oceanography, June 1978. Techni-

estimate the intensity of infrequent major events. The study cal Report D-78-34 (NTIS No. AD-A057 660)
concluded that the tidal stream is the dominant source of
energy for the resuspension and transport of sediment and Flume experiments were performed on four sediment mix-
that waves do not contribute significantly to dispersion in tures sampled from the offshore Galveston, Texas dredged
water depths greater than 60 ft. Recommendations are made material disposal site in order to determine their critical
concerning the best way to contain silt-clay dredged material, erosion velocity, shear stress, and modes of sediment
24 references. transport. An analysis of the offshore Galveston hydrographic

regime also was performed using meteorologic and oceano-
graphic data. The results of the flume experiments indicate
that that the four sediment mixtures eroded similarly. Extrapo-

088 lation of flume results to recorded offshore bottom current
speed measurements indicates that bedload erosion occurs
much more frequently near the northern margin of the

Field atudy of Ow mitilos Of Ow ph -- of disposal site. Also, net bedload transport of disposal materialdi I -d 1 at opnase dko@ afe Vohkme 1: is oriented down the coast or offshore from the disposal site.
Mai teltsind Appoeindis A-L VOlimw Ap Alpndlose J- suggesting that material will not likely return to the channel
0. Henry J. Bokunlewicz, Jeffrey Gebert. Robert B. Gordon. proper as shoaling sediment Appendices to this report
Jane L. Higgins, Peter Kaminsky, Carol C Pilbeam, Matthew present: (1) total suspended matter concentration, time after
Reed, Catherine Tuffie New Haven, CT, Yale University, velocity change, mean flow speed, and water sample loce-
Department of Geology and Geophysics, April 1978. Techni- lions ottained during experimental runs, (2) currenl veloit
cal Report D-78-7 (NTIS Nos AD-A055 647, Volume I; AD- profiles and shear stress calculations for experimental runs
A055 648, Volume II). (3) graphs of experimental runs (4) washload grain-size

A field study investigated the mechanics of the placement of analyses, and (5) Reynolds and Froude number calculations
dredged material at five open water disposal sites These 42 references. (Author abstract)
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phase, computer programming errors have been corrected

090 and several modifications have been made to the models in
order to represent the disposal processes more realistically

Evahieton mid caibradw of @1 U Tetra Tech dredged Model calibration has centered around determining the most

m rlial dsosal modells based on dat. 'Billy H. realistic way to apply the models to a particular disposal

Johnson, 
2
Barry W. Holliday. Vicksburg, MS, U.S. Army operation and a subsequent variation ot model coefficients to

Engineer Waterways Experiment Station, 'Hydraulics Labora- match computed results with data collected during Dredged
tory; 2Environmental Laboratory, August 1978. Technical Material Research Program (DMRP) sponsored field studies
Report D-78-47 (NTIS No. AD-A060 250). by Yale University (DMRP Work Unit 1B09 reported by

Bokuniewicz et al. in Technical Report D-78-7 (abstract no.
The results of an evaluation and calibration of two Tetra Tech, 88)). The findings Indicate that the models can realistically
Inc. mathematical dredged material disposal models are simulate what happens in the water column during the
presented based on field data. The models were developed release; however, they cannot accurately describe the de-
for the purpose of predicting the short-term physical fate of tailed structure of the impact and subsequent bottom surge as
material disposed in an estuarine environment by an instanta- tbeed tr icu se in ubequet al. surie to
neous disposal operation or a continuous discharge disposal. observed and discussed in Bokuniewicz et al Appendices to
The Hydraulics Laboratory of the U.S. Army Engineer Water- this report present: (1) the input list for the instantaneous
ways Experiment Station has been involved in an evaluation dump model: (2) the input list for the continuous discharge
and calibration of these models since the latter part of 1976. model; (3) a listing of the program to generate the velocity
Model evaluation has centered around an analysis of the tape at the Duwamish, Washington, disposal site, and (4) an
conceptualization of the physical processes and the corre- example problem combining results from both dredged
sponding theoretical description of those processes. In this material models. 5 references. (Author abstract)
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CHAPTER 4: POLLUTIONAL PROPERTIES OF DREDGED
MATERIAL AND ASSESSMENT TECHNIQUES

091 093

Spoil conipoellion and characterle s. In: DiAsposal of Dredged material disposal critera. In: Literature review on
dredge poil problem identification and assessment and research study for the development of dredged material
research program development, pp. 21-34. November 1972. disposal criteria, pp. 4-9. June 1974. Contract Report D-74-1
Technical Report H-72-8. Reasons are given why water quality criteria such as chemical

oxygen demand, total Kjeldahl nitrogen, volatile solids, and oil
and grease are not applicable to bulk dredged material. A

Following a review of the physical, engineering and chemical more suitable criteron, the Etutrite Test, is dmcussed in de ,a,
properties of dredge spoil, problems in sampling bottom in the following abstract For an overall summary of Contract
sediments and dredge spoils are discussed, particularly in Report D-74-1, see abstract no. 92
relation to the Environmental Protection Agency criteria for
determining acceptability of dredged spoil disposal to the
nation's waters. For an overall summary of Technical Report
H-72-8, see abstract no. 22. 094

[Dredged materal disposal critertd: 1w ElMut Test.)

In: Literature review on research study for the development

092 of dredged material diposal criteria. pp 10-54. June 1974.
Contract Report D.74-1.

This test involves the mixing of one volume of the sediment
Uterature rvilw on eeserchi study forI the develkoment which is to be dredged with four volumes of the disposal site
of dredged ma0teral dspoll crIllrl. G Fred Lee, Russell water for a 30-minute shaking period A 1 -hour settling period
H. Plumb, Jr. Dallas, TX, University of Texas at Dallas, Institute followed by filtration or centrifugation is used to determine the

for Environmental Studies. June 1974. Contract Report D-74-1 release of potentially significant chemical constituents from
(NTS No. AD-780 755). the sediment. A 1 5 factor has been established as a critical

value for the release of contaminants from the sediment to be
dredged. The basis for this factor and precautions to be

An extensive literature review was done as part of an effort to observed in its application are discussed Factors affecting
establish relationships between the presence of various the results of the Elutriate Test include solid-liquid ratio, time
contaminants within sediments and the effects of sediment of contact, pH, dissolved oxygen concentration, agitation,
dredging and disposal on water quality and aquatic orga- particle size, handling of solids, characteristics of water and
nisms. The review revealed little or no evidence of any sediment, and solid-liquid separation For an overall summary
relationship between bulk-sediment composition and pollu- of Contract Report 0-74-1, see abstract no 92
tional tendencies of dredged sediment. Use of criteria for
dredged material disposal that are based on parameters
employed in evaluating environmental impact of domestic and
industrial wastewaters is considered to be unrealistic An 095
Elutriate Test, developed by the Environmental Protection
Agency and the Corps of Engineers, is superior to bulk
analyis, since it recognizes that all chemicals in sediment are Pr*viS d sedgi nm stude. In: Liftratura ywe on

not equally available to aquatic organisms This initial effort reserch sty for te development of Idg - miltwill
was followed by additional research into sediment/water dupoea ctr pp 55-126 June 1974 Contract report D
quality relationships (see Contract Reports D-74-1 and D-75- 14.!
4). 163 references (Author abstract modified) For separate The literature nn 11) biological biochemical, and turtidty
sections of this report. see the following three abstracts problems. (21 bulk properties of dredged material and
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sediment, (3) interstitial water composition, and (4) release of
oxygen, nutrients, heavy metals and organic compounds from 098
sediment is reviewed. For an overall summary of Contract
Report D-74-1, see abstract no. 92.

Factors -chiunc kf TMe pirfortmnae. In: Re-
search stuy for the deveklopmnt of dodged mater
ddeposaloreOh/ a pp. xxiv-xxxii. November 1975. Contract
Report D-75-4.

096 The standard Elutriate Test and modifications were utilized to
evaluate the release of nitrogen, phosphorus, iron, manga-
nese, copper, lead, zinc, cadmium, and selected chlorinated

Dleussion ef regulaty crttla for ocealt dispeall of hydrocarbon pesticides and polychlorobiphenyls in collected
dredged materlel Eudrlate Tet ratlioale and It ople sediment and water samples. Elutriate Test operating parame-
uentan guldellnes. John W. Keeley, Robert M. Engler, ters investigated include: method of filtering, sample size,

Vicksburg, MS, U.S. Army Engineer Waterways Experiment method and time of agitation, oxygen concentration, amount
Station, Office of Dredged Material Research. March 1974. of sediments in the elutriate mixture, type of water, and settling
Miscellaneous Paper D-74-14 (NTIS No. AD-755 826). time. The literature on the environmental chemistry of nitrogen

and phosphorus compounds, heavy metals, and chlorinated
hydrocarbon pesticides and other organic contaminants in

Guidelines are provided for implementing the Standard natural water sediments is reviewed. For an overall summary
Elutriate Test, the basic analytic procedure for determining the of Contract Report D-75-4, see abstract no. 97.
pollutional status of material to be disposed. The test is
designed to measure the amount of any chemical constituent
dissolved in sediment interstitial water and also those constitu-
ents which, due to dredging, migrate from the solid phase to 099
the dissolved phase. The rationale for dredge site sampling is
discussed. 15 references.

edliment oxygen demand durWn the EWurkat Teat. In:
Research st* for the developmen of dreded mab
d~pos/ citla pp. 235-302. November 1975. Contract
Report D-75-4.

097 The results of preliminary studies of the oxygen demand of
sediments and the oxygen status of the test solution during the
Elutriate Test are presented. Initially, no attempt was made to

Nessreostud fAr yo e developea of dh iota control the extent of oxygenation of the test solution during the
al dleptel weria. Fn rep. G. Fred Lee, Marvin 0. course of this test, and variable responses for the release of
Piwoni, Jose M. Lopez, George M Mariani, Jeannie S. nutrients and heavy metals under supposedly identical test
Richardson, David H. Homer. Farida Saleh. Richardson. TX. conditions resulted. The subsequent use of air bubbling for
University of Texas at Dallas, Institute for Environmental sample mixing improved the reproducibility of results for
Sciences. November 1975. Contract Report D-75-4 (NTIS No. identical tests and provided a well-defined redox condition.
AD-A019 953). Finally, changes in dissolved oxygen occurring during the

Elutriate Test were investigated In order to permit better
comparison of test results with actual field situations involving

A literature review and preliminary laboratory studies of the dredging and dredged material disposal. For an overall
factors influencing the release of chemical contaminants from summary of Contract Report D-75-4, see abstract no 97.
natural water sediment are presented, with emphasis placed
on the factors affecting the results of the Elutriale Test for
evaluation of the potential environmental Impact of dredging
and dredged material disposal. The Elutriate Test was eam- 100
ployed to evaluate the release of contaminants from hydrauli-
cally dredged sediments from the Trinity River, Houston Ship
Channel turning basin, Port Aransas Channel, and Corpus ApIilon of Edtuiat TOeO resuflt to d lop f of
Christi Boy, Texas. Mobile Bay, Alabama. Bridgeport, Con- dided material dlepooeal ierht In: Rmewol s54v for
necticut; and Ashtabula, Ohio, Harbor on Lake Erie. Various to deviletoment of d'-ds matel osmt crillo pp.
aspects of exchange between water and sediment are 303-310. November 1975 Contract Report D-75-4.
reviewed, and the resulft of the evaluation of the Elutriate Test A modified Eluthiete Test is proposed which employs orm-
for nitrogen and phosphorus, heavy metals, and chlorinated pressed air mixing of the elutriate and incorporates a change
hydrocarbon pestid and s are die- in the sediment percentage of the total ektle volume from
cuoesd. The reoult of th Elutrila Test are applied to the that originally proposed by the U.S Environmental Polecon
development of dredged material disposal criers The Ap- Agency and Army CoMs of Enoneers (20 percent) to 5
pendix to the report contains Information on modified Elutriate percent. This approac would grealy Improve t yield of
Tot procedures. 189 references. For separate sections of this elutriate for chemical analysis and would Increase th eae of
report, see the following three abstracts. performanos of the tes without any harm to lest resl
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interpretation. Studies to ensure accurate Elutrate Test result disposal site water. Other elutriate preparatio.,. demonstrated
interpretation are recommended For an overall summary of an inhibitory effect toward growth of the test algae. The algal
Contract Report D-75-4, see abstract no. 97. assay procedure is considered a useful method for evaluating

the potential effects of dredging and dredged material
disposal on phytoplankton at the proposed discharge site, 16
references. (Author abstract modified)

101

Selective analytill paItitloning of sediments to evaluate 103
potential mobily of chemical conetituenta during
dredging and dilposal operations. James M. Brannon.
Robert M. Engler, Janet R. Rose, Patrick G. Hunt, Isaac Smith Ecological evaluation of propoed dilcharge of dredged
Vicksburg. MS, U.S Army Engineer Waterways Experiment or fill material Into navigable waters. Interim guidance
Station, Environmental Effects Laboratory, December 1976 for Implementation of Section 404(bXl) of Public Law 92-
Technical Report D-76-7 (NTIS No. AD-A035 247). SW (Federal Water Polluton Control Act Anindment

The results of a study conducted to determine the partitioning of 1972). Vicksburg, MS, U.S. Army Engineer Waterways
of various elements in dredged material and their effect on Experiment Station. Environmental Effects Laboratory, May

water quality are presented. In order to assess the impact of 1976. Miscellaneous Paper D-76-17 (NTIS No. AD-A026 882).
dredged material discharge upon water quality, especially as Interim guidance prepared pursuant to Section 230.4-1 of the
reflected by the Elutriate Test, and to elucidate the form and Federal Register (Vol 40, No 173) is provided for use in the
species of contaminants in sediments, a functionally derived ecological evaluation of the proposed discharge of dredged
sediment selective extraction procedure was developed. This or fill material in navigable waters according to Section 404(b)
procedure explores the association of trace metals and other of Public Law 92-500. The basic philosophy underlying
elements or compounds within sediments and their distribu- ecological evaluation is summarized, and the general proce-
lion among sediment phases of varying stability and mobility. dures to be employed are outlined. General approaches for
The procedure was used on marine. estuarine, and freshwater technical evaluation are discussed under three headings:
sediments representing a wide range of contaminant concen- physical effects, chemical/biological interactive effects, and
trations, organic and inorganic carbon contents, and physical procedures for site comparison. Appendices contain stepwise
characteristics. The partitioning of chemical constitutents in procedures for: (1) conducting an elutnate test; (2) estimating
these sediments has shown the concentrations of trace metals a mixing zone; (3) performing bioassays; (4) conducting total
and nutrients in the standard elutriate to be correlated sediment analyses; and (5) evaluating biological community
statistically in most cases with their respective concentrations structure. These procedures contain all references and cita-
in the interstitial water, exchangeable, and easily reducible lions pertinent to the various evaluative procedures This
phases. The toxic heavy metal or nutrient concentrations in report attempts to provide a balance between the technical
the standard elutnate therefore represent that sediment phase state-of-the-art and routinely implementable guidance for
thought to be most mobile and biologically available to the using the procedures specified in the Register and is expect-
aquatic environment. Appendices to this report give: (1) ed to provide a continuity among the Corps Districts' evalu-
sediment and water column characteristics, (2) chemical atin programs for Section 404 permit activities 14 refer.

concentrations and percent extracted in the various chemical- ences. (Author abstract modified)
ly extracted sediment phases; and (3) f-values from analyses
of variance of data 90 references.

104

02 Diftrbutiton of manoanee, nickw. lzic, cadmium, and

_arsenic hi sedimenls and In th standard elutriate. James
eoasseaseeflent of the standard elutrialle test. Peter J. M Brannon, Robert M Engler, Janet R Rose. Patrick G Hunt.

Shuba, Joe H Carroll, Henry E Tatem. Vicksburg, MS, U S Isaac Smith. Vicksburg, MS, U S Army Engineer Waterways
Army Engineer Waterways Experiment Station, Environmental Experiment Station, Environmental Effects Laboratory, June
Effects Laboratory, September 1976 Miscellaneous Paper D- 1976 Miscellaneous Paper D-76-18 (NTIS No AD-A026 355).
76-7 (NTIS No AD-A030 793) As part of a program to determine the environmental
Biological assessment studies of the standard elutriate were soundness of open water disposal of dredged material.
conducted using selected species of algae, bacteria, and sequential, selective chemical extraction (partitioning) was
protozoans as representative test organisms and sediments used to separate estuarine (Mobile Bay, Alabama), freshwater
from Ashtabula Harbor (Ohio) and the Houston (Texas) Ship (Ashtabula, Ohio). and marine (Bridgeport, Connecticut)
Channel Growth was determined by measuring the maximum sediments into the tractions (1) dissolved in sediment
number of cells per milliliter of treatment. The treatments interstitial water, (2) adsorbed on mineral surfaces (3)
included 100 percent disposal site water, 100 percent associated with hydrous iron and manganese oxides and
elutriael. and various combinations of the two sample types hydroxides. (4) associated with sediment organic matter and
Elutnales prepared from some locations stimulated algal sulfides, and (5) bound within the lattice of crystalline minerals
growth when compared with the growth obtained in the and the interlayer positions of phyllosilicate (clay) matenals
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Separate sediment extractions using the Elutriate Test also strafe the release of ammonium-nitrogen Growth studies
were performed. Manganese, nickel, cadmium, zinc, and were conducted using the marine alga Dunahella terhiolecta
arsenic concentrations were determined in each extractant. exposed to the concentrates of ammonia found in the
No relationship existed between trace metal concentration in elutriates The concentrations used were not toxic to the test
the standard elutriate and total metal concentration in the organisms. The bacternal and protozoal bioassays produced
sediment. Trace metal concentrations in the sediment phases nons!gr._!.f_ ' results, because growth media had to be added
thought to be the most mobile were related to their respective in most cases to obtain a measurable response For an overall
concentrations in the standard elutriate 45 references (Au- summary of Technical Report D-77.3. see abstract no 105
thor abstract modified)
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Evaluation of the elutriate test as a method of predicting
Biological asesmtent of the soluble fraction of the contaminant release during open-water disposal of
standard flutrlate teat. Peter J Shuba, Joe H Carroll, dredged pedlments and environmental Impact of open-
Karon L. Wong. Vicksburg. MS, U.S. Army Engineer Water- water dredged material dlspoal. Volume I: Discussion.
ways Experiment Station, Environmental Effects Laboratory, R Anne Jones, G Fred Lee Richardson, lX, University of
March 1977. Technical Report D-77-3 (NTIS No AD-A040 lexas at Dallas, Environmental Chemistry, August 1978
087). Technical Report D-78-45 (NTIS No. AD-A064 014)

Results obtained from the bloevaluation of the standard The main text of a study conducted to evaluate the factors
elutriate test using a variety of marine and freshwater algae, influencing the results of the elutriate test and the reliability of
bacteria, and protozoans are presented. The organisms were this test in predicting the release of contaminants during
selected because of their specific importance in aquatic actual open-water dredged material disposal perations is
ecosystems and their overall importance in the cycling of presented Sediment samples were taken from 26 waterway
nutrients and heavy metals. Sediment samples were selected locations representing marine, estuarine, and freshwater
from Bridgeport Harbor. Ashtabula River, Galveston Harbor, locations Field investigations were conducted at eight active
and Arlington Channel of Mobile Bay, and water samples dredging and disposal operations in marine, estuarine, and
were obtained from their corresponding disposal sites The freshwater areas so that a comparison could be made
report evaluates the results in relation to water quality criteria between the results of the standard and modified elutriate
and predicted field impacts. It is recommended that the algal tests for water column concentrations during disposal opera
bioassay be used in evaluating the biological effects of the tlions Individual sections of the report cover the following
chemical constituents released from sediment and their subjects (1) overall characteristics of dredged material
potential effect on phytoplankton at dredged material disposal disposal operations in relation to elutriate test development.
sites. (More recent bioassay research has shown the algal (2) evaluation of the applicability of the elutriate test, (3)
assay not to be as effective a predictor of potential for harm as factors influencing the results of this test, (4) environmental
the animal assays.) Moreover, additional water-column boas- impact of turbidity and suspended solids associated with
says using selected zooplankton species should be initiated dredged material disposal operations, (5) bioassays, (6)
and developed and benthic bioassay development should be bioaccumulation of persistent contaminants and (7) the
initiated immediately to determine the effects of dredged current legislation, including some of the foundation legisla
material disposal on benthic species as well as possible long torn. pertaining to regulation of dredged sediment disposal in
term effects of these operations. Appendices to this report (1) open waters Surnmary tables of (a) phosphate release from
describe microbial growth media and (2) give algal growth dredged sediment. (b) elutriate lest results for heavy metals.
curves. 32 references For a separate section of the report (c) nitrogen compound concentrations in the elutriates and
see the following abstract site water for all sites studied, (d) elutriate test results for

organic analyses, and (el acute toxicity for selected UI S
waterway sediments are appended 90 references
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AIa protozoan, and bacterial assays. in: Bfiologcal tol1

seemmeN of the solkle fraction of the standard elutruate
tst pp 22-32 March 1977 Technical Report D- 71 3 Eveluston of the elutrtate teit as a method of predIcting

Bioassys were conducted to determine the effect of soluble contaminant release during open-water disposal of
chemicals released during disposal of dredged material on dredged edllments and environmental Impaci of open-
microbial communities The algal assays used various test water dredged materall disposal. Volume I1: Data report
organisms in four dredging sites Both stimulatory (firidgewa ( Fred I Pn Rehecca A Jones. Farida Y Saleh ( orge M
ter and Galveston samples) and inhibitory effects (Arlington Mariani David ii kfmmer leannie S Flutter, Pinak Randlyopa
Channel samples) were reported when growth in the elitriate thyay i,( hardsmn TY, I Iniversity of Texas at Dallas I nviron
was compared to growth in disposal site water All sediments mental (.hemistry August 1l97 Technical Repor [) 7ll 41)
used to prepare standard eltniatres were tested to (lemon lNTI, Ni A[) Anfr l 10)
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The laboratory and general field procedures used to evaluate
the factors influencing the results of the elutriate test and the 110
reliability of this test in predicting the release of contaminants
during actual dredged material disposal operations are
described. Sediment samples taken from 26 waterway loca- lologlcal asesment methods to predict the Impact of
lions were subjected to the standard and modified elutrate open-water disposal of dredged material. Peter J Shuba,
test in order to examine the influence of various factors on test Henry E Tatem, Joe H Carroll Vicksburg. MS. U S Army

results. In addition, field studies were conducted which Engineer Waterways Experiment Station. Environmental Labo-

compared the results of the standard and modified elutriate ratory, August 1978. Technical Report D-78.50 (NTIS No. AD-

tests and water column concentrations during disposal opera A060 502)

tions. The findings indicate that the standard elutriate test. Numerous bioassay experiments are described in which
involving 30-minute mixing and one-hour settling, is a reliable representative aquatic invertebrates were exposed to heavily
test for predicting the potential release of contaminants contaminated sediments and standard liquid (elutriate) and
associated with hydraulically dredged sediments that are suspended particulate phases of the sediments in an attempt
dumped in open water. They also show that the open-water to develop biological methods for assessing the effects of
discharge of dredged sediments, including those which are open-water disposal of dredged material on waier column and
highly contaminated with various types of chemical toxicants, benthic animals, prior to actual disposal. Test sediments were
would rarely cause an adverse effect on water quality and obtained from areas where chemical contaminants were
aquatic organisms in the disposal site water column The known to be present. such as the Duwamish River at Seattle
Appendix consists of 41 data tables 39 references (Author and New York Harbor shipping channels Chemical analyses
abstract modified) of these materials revealed the presence of metals, chlorinat-

ed hydrocarbons, petroleum hydrocarbons, and other con-
taminants Animals used in the experiments included marine,
estuarine, and freshwater forms such as shrimp, clams, small
crustaceans. polychaete worms, and others. The results of

109 numerous acute btoassays with contaminated sediments
indicate that sediment elutrates and suspended particulate
phases may be toxic to small crustaceans under some

Long-term release of contaminants from dredged mate- circumstances It was found also that exposure of sensitive

fial. James M Brannon, Russell H Plumb, Jr , Isaac Smith benthic animJs to these sediments resulted in significant

Vicksburg, MS, US Army Engineer Waterways Experiment toxicity in some cases However, the above findings were
Station, Eovironmental Laboratory. August 1978 Technical generally the exception and not the rule and are subect to

Report D-78-49 (NTIS No AD A060 814) many qualifications It is recommended that additional work
he conducted to determine the normal variability in bioassays
conducted with sediments and to establish standard laborato

The results of an 8-month aerobic leaching study conducted ry species for tests of this type Appendices describe (1) the

to investigate the magnitude and predictability of long term composition of reconstituted fresh water, (2) the ionic compo

release of chemical constituents from dredged material are stion of instant ocean synthetic sea salt, (3) the method of

presented. The report diicusses the use of sediment/water analysis for polychlonnaled biphenyls (PCBs). and (4) the
colutmn simulations in the laboratory with a large number of methods of analysis for kepone and heavy metals 37

sediments (32) representing a broad geographical and pollu references (Author abstract modified)

tional variation and selected from marine, estuarine, and
freshwater areas to assess their long term release of confami
nants The sediment/water systens were studied under
aerobic quiescent and mixed conditions Various sediment Itl
chemical analyses. including the elutriate test and bulk
sediment analysis, were conducted to identify and evaluate
relationships between sediment chemical characteristics and An evaluation of oil and grease contamiion asooi-
the long-term leaching of chemical constituents Results of the ae with dredge materiel containment ara Austin.

TX I nginieering Science, Inc , November 1977 Technicallong-term leaching investigation demonstrate that under tfhe e~'t11 5 NI oA-0855

aerob4c chemical conditions likely to prevail at aquatic

disposal sites, total organic carbon, orhophosphate-P, and The potential problem uf contamination of receiving waters by
zinc exhibited the most consistent net releases to the water oil and grease in) return waters from dredged material
column Worst-case evaluation of the potential effects of confined disposal areas is addressed As a part of this study.
contaminant releases indicates that sediments used in tIs field studies were conducted at six locations where dredging
study would not be expected to cause significant long term is practiced, and both water and sediment samples were
water quality problems The elulrate test (modified for collected Sample analysis indicated generally that oil and
aeration) and interstitial water analyses demonstrated consid grease are not released from sediments in significant amounts
erable utility as predictors of potental long term net mass as a result of dredging The report also contains an evaluation
release of contaminants froim sediments Tables of chemical of oil and grease sampling and analytical techniques and a
constituent concentrations are appended 1S references literature review of potential treatment methods for the
(Author abstract modified) re(t:tlron (if the l and grease contents of disposal area
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return waters. The Appendix contains sampling and laboratory coniferous forest near Lake Arrowhead, California The results
procedures. 43 references. from this study indicate that teachate quality may be governed

both by the dredged material and the underlying soil The
discussion emphasizes the migration of constituents in
dredged material/interfacing soil systems, the mechanisms

112 which control it, and the impact of dredged material leachates
on water quality. Analytical procedures used in the study are

ICharacthtlon of coni ned d Iiel am InfIlui and appended. 454 references. 454-item bibliography

effluent particulate and petroleum fracdon James C. S.
Lu, Bert Eichenberger, Miroslav Knezevic, Kenneth Y. Chen.
Los Angeles, CA, University of Southern California, Environ- 114
mental Engineering Program, May 1978. Technical Report D-
78-16 (NTIS No. AD-A056 371).

A detailed analysis of contaminants in influents and effluents Phyairal and chemical characterization of dredged ma-

from confined dredged material disposal areas located at terlal Influents and effluents In confined land disposal
Pinto Island, Mobile Bay. Alabama, and Grassy Island, Detroit, areaa. Ronald E. -oeppl, Tommy E. Myers, Robert M

Michigan, is presented. The results from this study show that Engler. Vicksburg, MS, U.S. Army Engineer Waterways

most trace metals, oil and grease, chlorinated pesticides, and Experiment Station. Environmental Laboratory, June 1978

polychlorinated biphenyls (PCB's) were associated almost Technical Report D-78-24 (NTIS No AD-A057 460)
totally with settleable (greater than 8 mu) solids in influent, Nine dredged material confined land disposal areas, located
effluent, and background water samples; their removal effi- at upland, lowland, and island sites, were monitored during
ciencies usually were very close to the total solids removal, hydraulic dredging operations in fresh-water and brackish
However, significant quantities of the major ions (calcium, water riverine, lake, and estuarine environments The parame.
magnesium, sodium, and potassium), ammonium nitrogen, ters measured included nutrients, heavy metals, oil and
total carbon, and organic carbon were associated with the grease, chlorinated pesticides, polychlorinated biphenyls
soluble phase (less than 0.05 mu fraclion). Removal efficiency (PCB's) and various field and laboratory physico-chemical
of parameters mainly associated with the soluble phase was measurements. A literature review precedes the presentation
much lower than for the parameters mostly bound with of the study. Study results show that most heavy metals. oi
settleable solids. The findings of this report, in conjunction and grease, chlorinated pesticides, and PCB's are associated
with the findings of other related studies, strongly indicate that almost totally with settleable solids in influent, effluent, ana
land disposal of dredged material should not impact the surface background water samples Only net nitrate nitrite
environment if settleable solids are removed before effluent nitrogen, zinc, calcium, copper, and potassium concentra
discharge. However, during this field study, low dissolved tions were found to increase in the soluble phase of dredged
oxygen levels, as well as solid-phase concentrations of oil and materiai during land confinement, but the increases were
grease, some chlorinated hydrocarbons, and total phospho- either small or levels were higher in the collected background
rus, were observed occasionally in effluents (especially at water. These findings strongly indicate that the land conline
Pinto Island. where effluent suspended solids were highest). ment of dredged material should not impact the environment if
Appendices to the report contain: (1) a vegetative listing for the site is managed to limit residence to the maximum time lo,
Pinto Island; (2) analytical methods used; and (3) analytical effective solids removal If settling of tine suspended solids
laboratory data. 19 references. (Author abstract modified) cannot be attained with residency of one or two days other

measures should be considered, including multiple pond

treatment or flocculant use. Appendices to this report contar
(1) dredging logs and (2) field and analytical laboratoy data

113 159 references. (Author abstract modified)

A study of leechate from dredged material In upland
res aldlfor In productive use. Final report. James L 115

Mang. James C. S. Lu, Ronald J. Lofy, Robert P Stearns
Long Beach. CA, SCS Engineers, June 1978. Technical
Report D.78-20 (NTIS No. AD-A056 897). Physical and chemlcat charcterlzmton of dredged ma-

A laboratory lysimeter study investigated the composition of terial sediments and eciatee In confined land disposal
subsurface leachates generated from five different dredged areaw Kar Y Yu, 'Kenneth Y Chen, 

2Robert D Morrison.
materials, each combined with one of two subsurface soil 

2
James L Mang 'Los Angeles, CA, University of Southern

profiles The dredged materials were from land disposal areas California. Environmental Engineering program, 21Long Beach.

located near Mobile. Alabama (saline silty clay); Sayreville. CA, SCS Engineers, August 1978 Technical Report D 78.43

New Jersey (saine silty loam); Grand Haven, Michigan (NTIS No AO-A061 846)
(freshwater sandy clay loam); Seattle, Washington (saline silty The water quality effect of the disposal of dredged material in
loam); and Houston, Texas (saline silty clay) The native soils confined upland areas in Grand Haven (Michigan). Sayreville
included a low organic, moderately permeable semiarid soil (New Jersey). Houston (Texas). and Pinto Island (Alabama
obtained from arable land near Hemet, California and a highly was determined Each case study site was selected on the
organic upland sandy loam soil obtained from a temperate basis of distinct physiCal Settings Twenty-six sampling rle
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vices were installed at each site--12 on-site, 10 off-site, and 4 sites with minimal environmental impacts. Appendices to this
beneath the site. Water samples were collected four times in report contain: (1) climatological data for the Grand Haven
nine months; soil and dredged material samples were collect- case study site; (2) well logs for the Grand Haven site; (3)
ed during the first sampling visit. Analytical data show some climatological data for the Sayreville case study site; (4) well
significant increase in concentrations of chloride, potassium, logs for the Sayreville site; (5) climatological data for the
sodium, calcium, magnesium, total organic carbon. alkalinity, Houston case study site; (6) well logs for the Houston site; (7)
iron, and manganese in downgradient groundwaters. Concen-
trations of chlorinated hydrocarbons, cadmium, copper, mer- climatological data for the Pinto Island case study site; (8) well

cury, lead, zinc, phosphate, and nickel were generally very logs for the Pinto Island site; (9) soil and dredged material

low. Results obtained from this limited monitoring period have physical and chemical characteristics; (10) soil and dredged

shown some degradation of groundwater quality due to the material pesticide and metals analysis; (11) leach-
upland disposal of dredged material. Additional data are ate/interstitial water analyses; and (12) analytical procedures.
needed to formulate guidelines for the selection of disposal 225 references. (Author abstract)
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CHAPTER 5: PHYSICAL, CHEMICAL, AND BIOLOGICAL TREATMENT
OF CONTAMINATED DREDGED MATERIAL

indices of environmental quality. The test results support the

116 observation that many conventional wastewater treatment
techniques are inapplicable and/or impractical for treatment
of dredged material. Three alternative systems are recom-

[Dredging and disposal techniques and equipment: mended. 28 references For a separate section of this report.
treatment processes.] In: Disposal of dredge spoil: problem see the following abstract.

identification and assessment and research program devel-
opment, pp. 85-99 November 1972 Technical Report H-72-

8.

Present status of the dredging industry, its personnel, equip- 118

ment, and operations are discussed, Feasible improvements
in equipment include new designs of cutterheads, cutterhead Dredged material treatment systems. In: Treatability of
shields, flow measuring devices, and dredges such as the dredged material. (Laboratory study), pp 86-96 February
'Mud Cat' which are optimized for operation witri a minimum 1976. Technical Report D-76-2
of turbidity. The use of chemical additives, modified cutter- Alternative systems offering potential for treatment of dredged
head operation, and precision dredging are some of the material are examined (1) In-line aeration provides a means
available new operational techniques. New or modified of satisying the immediate oxygen demand and, thus, of
disposal practices include silt curtain barriers, bubble barn- reducing or eliminating the adverse effects of depletion of
ers, long-distance pipeline transport, road and rail transport, dissolved oxygen in the receiving water body (21 Treatment
makeup water requirements, spillage control, and placement by confinement of dredged material in dked areas takes
control. Polluted spoil material can be treated, either before or advan age of natural sedimentation process to separate
during dredging, by aeration r chemical methods Treatment solid and liquid fractions. (3) A system of vacuum filtration,
methods used for disposal of polluted spoil materials poten- toh experimental, ons the advate of amore rapidtially include: flocculation. hydrocyclones. aeration, incinera though experimental, offers the advantages of a more rapid

means of fraction separation and a smaller confined disposallion, filtration and. in some cases, treatment by sewage area requirement than the confined area needed when only
disposal plants. For an overall summary of Technical Report natural sedimentation "tatments are involved (4) Other
H-72-8, see abstract no. 22 dewatering techniques also are discussed The results of this

study were used as one basis to determine what techniques
warranted further study In line aeration/oxygenation was
further evaluated Technical Report D 77 1, and was found

117to be of nimarqra value rhe cost of va(:uUM fiitratlirn mts the
feasibilty )I ths technique see t(fhnca! Report 5 ) hi

Treatability of dredged material. (Laboratory study). Final Ireaiieri guidelvne are fresented in Tecohnical Iepo

Thomas K Moore, Brooks W Newbry Vicksburg. MS, US
Army Engineer Waterways Experiment Station, Environmental see atistract n, 117

Effects Laboratory, February 1976. Technical Report D-76-2
(NTIS No, AD-A022 143)

The potential for treatment of dredged material as it is being 1 19
disposed in open water and of effluent from material that has
been deposited in confined (diked) areas was investigated
Dredged sediment material and liquid samples were collected Oxygenation of dredged material by direct Injection of
at three sites in Mobile Bay, Alabama, at one site in Maumee oxygen and air during open-water pipeline disposal.
Bay, Ohio, and at one site in Mare Island Strait, California Robert W Neal R Hi lojaek, I I( jii5son Wilminglon.
Standard analytical tests were performed to determine the MA. J.- S ienhfic (,orp 1 r 4tber 1 1/ e.hin,( al Report D

chemical and physical characteristics of the dredged materi I Vl (NtIS No A() A(4t 4,
ala From the analyses conducted, an assessment was made A study cnnduced nve,t qate ithe fpaIftshty and effectve
of the adequacy of 18 physical and chemical parameters as ness of infecting an oxidar f into fh, dirihaq of a hyrraulic
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dredge in order to reduce the depletion of dissolved oxygen in heavy metal concentrations in effluents from dredged material
an open-water disposal area is described. Two full-scale field disposal areas can be reduced during passage through a salt
demonstrations, one injecting pure oxygen and the other marsh, conclusions regarding the efficiency of removal may
injecting compressed air into the discharge line, were carried be influenced by the size of the experimental system em-
out. The chemical processes responsible for the oxygen ployed. Appendices contain: (1) field data (temperature,
depletion in the receiving water during dredging and dredged salinity, pH, dissolved oxygen, and turbidity) from experi-
material disposal operations are discussed. An analytical ments; (2) nutrient data (P0 4, NO 3 , and NH4) from experi-
method for measuring and studying the immediate oxygen ments; (3) metal data from experiments and chemistry of
demand is also presented. The configuration and cost of sediments and Spartina alfterniflora roots and leaves from (4)
injection systems for full-scale dredging operations are exam- experimental raceways and (5) control stations before and
ined. Appendices give: (1) analytical methods used; (2) after experiments. 25 references. (Author abstract modified)
sample calculations; (3) a description of dredging projects;
and (4) a cost estimate of a 13.7-ton/day oxygen plant.
Because of apparent limited effectiveness (i.e., little increase -_
in dissolved oxygen in the water column and a short-term 122
increase in the fluid mud), readers should consult the
discussion in Technical Report DS-78-14 which presents
qualified recommendations. 76 references. (Author abstract Laboratory study of chemical coagulation as a means of
modified) For a separate section of this report, see the treatment for dredged material. Chun-Ching Wang, Ken-

following abstract. neth Y. Chen. Los Angeles, CA, University of Southern
California, Environmental Engineering Program, December
1977. Technical Report D-77-39 (NTIS No. AD-A050 596).

Experimental work performed to evaluate the effectiveness of
120 various flocculants in separating suspended particulates and

associated chemical constituents from water columns to
reduce the discharge of contaminants to receiving waters

(Compaison of oxygen and hydrogen peroxide sys- from disposal of dredged materials in confined areas is
teme] In: Oxygenation of dredged material by direct injec- described. A literature review of the treatment of dredged
tion of oxygen and air during open-water pipeline disposal, material and of the flocculation mechanisms of synthetic
pp. 183-189. October 1977. Technical Report D-77-15. polyelectrolytes precedes the laboratory study. The results of

The respectve concepts, design bases, and costs of oxygen this and other related studies were used to develop final
and hydrogen peroxide injection systems for full-scale dredg- guidelines for the use of flocculants to treat effluent from
ing operations are compared. For a variety of locations, it disposal areas. Appendices contain (1) characteristics of
appears that the cost of oxygen injection would increase the polyelectrolyte coagulants and (2) pricings of polymers
total cost of dredging by a modest amount, ranging from 1 to evaluated in this study. 90 references.
4 percent. In contrast, hydrogen peroxide injection would
increase dredging costs by 26 to 89 percent. The use of
hydrogen peroxide should not be dismissed, however. First,
because of its significantly greater reactivity as compared with 123
oxygen, it may still be effective enough at lower injection rates
to reduce its unit cost considerably. Second, the high reaction
rates may be advantageous also in dredging situations where Development and application of design and operation
sediment immediate oxygen demands are high and the procedures for coagulation of dredged material slurry
discharge line is relatively short. For an overall summary of and containment area efflent 'Richard H. Jones, 

2Randall
Technical Report D-77-15, see abstract no. 119. R. Williams, 

2Thomas K. Moore. 'Gainesville, FL, Jones,
Edmunds and Associates, Inc.; 2Vicksburg, MS, U.S. Army
Engineer Waterways Experiment Station, Environmental Labo-
ratory, September 1978. Technical Report D-78-54 (NTIS No

121 AD-A062 060).
Pilot plant studies were conducted to study the efficiency of
polyelectrolyte coagulation of overflow 4rom a dredged materi-

Ability of slit marshe to remove nutrients and heavy al confined disposal area at an active freshwater dredging
mals from dredged material disposal area effluents, site, and full-scale studies were conducted at the same site on
Herbert L. Windom. Savannah, GA, December 1977. Techni- the feasibility of coagulating dredged material by injecting
cal Report D-77-37 (NTIS No. AD-A063 643). polyelectrolytes into a hydraulic dredge pipeline. Results of

Experimental raceways were constructed in a salt marsh the pilot plant studies show that, under the conditions tested,
adjacent to a confined disposal area to evaluate the use of this polyelectrolytes could be highly effective for coagulation of
environment as an overland flow advanced treatment system dredged material. Laboratory procedures were developed
for the effluent resulting from dredged material disposal. The that can lead to the selection of the most effective coagulant,
research program was designed to determine the ability of the the optimum coagulant dosage, and the design parameters
salt marsh systems to remove nitrogen, phosphorus, iron, for a coagulation system. Examples are provided to illustrate
manganese, cadmium, copper, nickel, and zinc from the the procedures required to design a coagulation system.
effluent. While the results indicate clearly that nutrients and Results of full-scale teste on the injection of polyelectrolytes

* 36



into a hydraulic dredge pipeline were highly variable. The high
mixing rates and variability of composition o dredged material 126
and flow rates caused a wide variation in treatment efficiency.
Design examples are provided for the design of polyelectro-
lyte feed systems to inject polymer into a hydraulic dredge Degn gidelines. In: Investigation of effluent filtering
pipeline. Appendices to the report contain (1) a method for systems for dredged materal containment facilities, pp. 134-
calculating mixing intensity within a pipeline and examples of 154. August 1976. Contract Report D-76-8.
those calculations, and (2) a review of equipment available for Various design guidelines with general applicability to efficient
coagulation and sedimentation of dredged material. 13 refer- dredged material confinement facilities are described. Several
ences. (Author abstract) simple tentative nomographs are presented to facilitate (1) a

very conservative determination of the gradation and concen-
tration of suspended solids in disposal area effluents, (2)
selection of the proper material to be used in a granular filter
medium design, and (3) estimation o the effective cycle time

124 or lifetime of a granular media filter. The types of solid-liquid
separation technology applicable to the design of dredged

Invetgattlon of effluent filtering systems for dredge material disposal areas include: sedimentation, chemical

material contalnment facttttles. Raymond J. Krizek, Joseph coagulation and flocculation, vacuum filtration, sonic screen-

A. FitzPatrick, Dimitrios K. Atmatzidis. Evanston, IL, North- ing, and granular media filtration by means of conventional

western University, The Technological Institute, Department of equipment with automatic backwashing and granular media

Civil Engineering, August 1976. Contract Report D-76-8 (NTIS cartridges. For an overall summary of contract Report D-76-8,

No. AD-A031 368). see abstract no. 124.

The functional capabilities and performance characteristics of
effluent filtering systems were established by collecting all
available data, reviewing the pertinent literature, and conduct- 127
ing about 300 laboratory and field filtration tests. Convention-
al, technically feasible systems were identified, new concepts SolId-lIquid eparatlon technology. In: Investigation of
(pervious dikes. sandfill weirs, and granular media cartridges) effluent filtering systems for dredged materal containment
were developed, and a general methodology for the design of facilities, pp. D1-D34. August 1976. Contract Report D-76-8
confined disposal facilities as solid-liquid separation systems Descriptions are provided of (1) pretreatment of dredged
was formulated. Appendices to this report present (1) physical merip tion r flocculaton (f ededand hemcal ataon otto seimen an dicuss(2)the material slurries by coagulation or flocculation, (2) sediments-and chemical data on bottom sediment and discuss (2) the

correlation between turbidity and mass concentration, (3) tion in disposal areas, and (3) various filter systems which

vacuum filtration tests, and (4) solid-liquid separation technol- could conceivably be incorporated into the desiqn of a
Frnd ra te disposal area. Mechanized surface filtration, mechanizedogy. 102 references. (Author abstract modified) Foranularameiaifiltraionanonechanized surface filtsepartersectonsof he epor, se te flloing hre abtratsgranular media filtration, nonmechanized surface filter sys-

sections of the report, see the following three abstracts.
tems, and electrofiltration are discussed. The characteristics
and performance capabilities of these systems are reviewed,
and attempts are made to give first order approximations of
capital investment requirements and operational and mainte-

125 nance costs. For an overall summary of Contract Report D-76-
8, see abstract no. 124.

Concepts for filtering systems. In: Investigation of effluent
filtering systems for dredged material containment facilities,
pp 110-133 August 1976 Contract Report D-76-8. 128

Three different systems which appear to be applicable to the
filtration of effluents from dredged material disposal areas are FesHillty of the fundional Lao of vegetation to filler,
described They are pervious dikes, sandfill weirs with or dewater, an remove contaminanrt from dredged mte-
without backwash, and granular media cartridges. The infor- daL Charles R Lee, Ronald E Hoeppel, Patrick G Hunt,
mation provided for each system includes: (1) filter media, (2) Charles A. Carlson. Vicksburg. MS, U S Army Engineer
system configuration, (3) operating conditions and perfor- Waterways Experiment Station, Environmental Effects Labors
mance capabilities, and (4) guidelines for the design and tory, June 1976 Technical Report D-76-4 (NTIS No AD-A028
operation of the system On the basis of their technical 336).
feasibility, these three systems are strong candidates for use The feasibility of using vegetation to filter. dewater, and
in the clarification of supernatants from dredged material remove contaminants from dredged material placed in a
disposal areas However, the required size of these systems confined disposal area was examined, mainly on the basis of
may render them economically unfeasible for dredging opera- a literature review From the information obtained, a summary
lions in which high flow rates (approximately 1m3/sec) are was developed to provide a listing of plant species that might
obtained continuously For an overall summary of Contract be propagated on disposal areas It was concluded that the
Report D-76-8, see abstract no 124 physical and chemical interactions of selected vegetation with

37



dredged material slurry will improve the quality of the dredged material desiccation; (3) a discussion of the use of
discharge water from confined disposal areas. Appendices to vegetation for slurry filtering; (4) a review of the literature on
the report include: (1) a list of the vegetation discussed; (2) a contaminant removal by vegetation; and (5) an evaluation of
summary of plant species previously determined to be of the dewatering of dredged material using vegetation. 137
potential use in slurry filtering, contaminant removal, and references. (Author abstract modified)

36



CHAPTER 6: DESIGN, OPERATION, AND MANAGEMENT
OF CONFINED DISPOSAL AREAS

Confined Disposal Facility Design, Construction,
and Operation

129 131

Land dlpoeal. In: Disposal of dredge spoil: problem Existing CDMU design and construction concepts: con-
idenification and assessment and research program devel- Stral nd variables for landscap development. In:
opment, pp. 55-71, November 1972. Technical Report H-72- Landscape concept development for confined dredged
8 material sites, pp. 9-49. December 1975 Contract Report D-

75-5.

Problems discussed in relation to dredge spoil disposal in Pertinent concepts related to the design and construction of
confined sites include: (1) confined disposal area dike design confined dredged material disposal (CDMD) sites are summa-
and construction, (2) spoil improvement and utilization, (3) rized in order to define how these concepts will constrain or
confined disposal area operation, (4) management and enhance potential landscape development of the sites. The
control, and (5) land use planning relationships. For an overall material is divided into three major sections: planning consid-
summary of Technical Report H-72-8, see abstract no. 22. erations. engineering considerations, and operation and

maintenance of CDMD facilities. Within each section. con-
straints and/or variables related to landscape development
are discussed and also illustrated. Accompanying tables list
incremental retention structure construction methods and
constraints; retention structure problems and remedies visual

130 characteristics of CDMD facility components confined dispos-
al operation methods and landscape development con-
straints; and dredged material characteristics and landscape

scaps concept developimt for confined drdged development constraints. For an overall summary of Contract
material sites. Roy Mann, William A. Niering, Robert Sabbati- Report D-75-5, see abstract no. 130.
ni, Peter Wells. Cambridge, MA, Roy Mann Associates, Inc.,
December 1975. Contract Report D-75-5 (NTIS No. AD-026
684)

132
iauidance for landscape development of confined dredged

material disposal (CDMD) facilities is provided. The principles
and practices of CDMD operations and the associated Landscape architecture metlodology. In: Landscape con-
constraints on and potentials to landscape development are cept deveOpment for confined dredged material ites. pp
examined, and landscape techniques directly applicable to 50-67. December 1975. Contract Report D-75-5
the development of CDMD facilities are documented. This
information is synthesized into planning and landscape rec- The principles and practices of landscape architecture as they
ommendations and guidelines con.erning: use of naturalized relate to the development of confined dredged material
perimeters; siting proximity to natural islands; usi. Jf linear disposal (CDMD) sites are described The history and rele
natural, complex natural, multiple modified, and modified vance of the profession are reviewed, and the technical and
angular land forms in designing sites; use of bulkheading, design principles applicable to CDMD development are
beach, and lee variants. riversides, and land-facing edges. discussed The application of landscape architectural prac
perimeter mounding; mound silhouette control; foreground tices to protects and operations similar to CMtMD facilities is
berms and mounds; setback; interior mounding; planting; and also exmined Facilities considered include highways, strip
design. 26 references. Selected bibliography of 45 items mines, sanitary landfills. Dutch polders, and artificial islands
(Author abstract modified) For separate sections of the report, For an overall summary of Contract Report D-75-5, see
see the following three abstracts abstract no 130



of Engineers typical dike sections by Corps of Engineers

133 District, foundation material, dike material, and height, crown
width, and side slope dimensions Dike embankments are
classified according to general construction methods in Table

Table 7: Plant list trees and shrubs. In: iandscape i". For an overall summary of Technical Report D-77-9, see
concept development for confined dredged material sites pp. abstract no. 134.
108-156. December 1975. Contract Report D-75-5.

Three hundred twenty-nine trees and shrubs which, from a
review of the relevant literature, appear to be capable of
establishment on confined dredged material disposal sites 136
and for which information regarding selection criteria was
readily available are listed. The list is intended to provide only Dk stability. tn: Design and construction of retaining dikes
a basic framework for initial selection of potentially appropri-
ate species. since many of the species have not yet been for containment of dredged material, pp. 71-127. August

observed in situ. Information provided for each tree and shrub 1977. Technical Report D-77-9.
includes: botanical name, common name, zone of hardiness, Common causes of instability in dikes are described, and
height, growth rate, optimum soil condition, optimum root methods and procedures are recommended for analyzing
zone moisture, drought tolerance, salt-spray tolerance, plant- dike stability with respect to inadequate foundation and/or
ing techniques, foliage/trunk characteristics, and a silhouette, embankment shear strength, seepage, settlement, and exter-
For an overall summary of Contract Report D-75-5, see nal erosion The determination of material properties and field
abstract no. 130. loading conditions is discussed along with the methods of

analyses. Table 12 lists applicable shear strengths and
recommended minimum factors of safety. For an overall
summary of Technical Report D-77-9, see abstract no 134

134

Deegi and eenstruetlon of retaining dikes for cotain- 137
nwt of dredged imaterial. David P. Hammer, Edward D.
Blackburn. Savannah, GA, U.S. Army Engineer District,
Savannah, Soils Section, August 1977. Technical Report D- Dike constructlon. In: Design and construction of retaining
77-9 (NTIS No. AD-A045 311). dikes for containment of dredged material. pp 128 177
Recommendations are presented for proper investigation, August 1977. Technical Report D-77-9

design, and construction of retaining dikes to aid in ensuring The salient features of hauled, cast, and pumped (hydraulic
that these dikes will be constructed with a minimum of fill) types of dike construction are discussed. including
problems. Raising of existing dikes is covered along with the advantages and disadvantages, applicability, inherent effects
construction of new dikes. Containment capacity require- on the dike cross section, effect of material types, and
ments. availability of construction materials, and prevailing construction control The effect of discharge facilities on the
foundation conditions are examined as determinants of the diking system and the problems caused by utility lines
heights and geometric configurations of retaining dikes, traversing disposal areas also are examined Equipment
Possible sources of borrow are considered. An accompany- commonly used in the various dike construction operations is
ing table presents the Unified Soil Classification system. listed in Table 13 For an overall summary of lechnical Report
Recommendations are based upon a survey of past Corps of D-77-9, see abstract no 134
Engineers design and construction practices for retaining
dikes and recent design procedures for construction of earth
embankments. Slope stability analyses are appended to the
report. 45 references. 5-item bibliography (Author abstract 138
modified) For separate sections of this report, see the
following three abstracts. M tl o of a enc

and lessee associatled with confined disposal areas
Joan E. Harrison, Laurie C Chisholm Cambrdge, MA, Arthur

135 D Little, Inc, September 1974 Contract Report D 74-4 (NTIS
No. AD-AOOO 895)

Conditions and issues causing public concern about confined
(Ret Mit" dike design and co r on considers- disposal of dredged material, identified through site visits to
oIs.] In: Design and constucton of retaining dikes for four U S Army Engineer Districts and discussions with Corps

contlaInment of dredged malerial, pp 61-70 August 1977. of Engineers personnel in ten other districts, are discussed in
Technical Report D-77.9. detail Practices employed at the district level in the cnnstri
Dike geometry, the effect of dike materials and foundation lion and operation of confined disposal areas are assessed it
conditions, the effect of the method of construction employed, relation to measures being taken to minimize objectiorahle
basic design concepts for slope stabity, and the raising of conditions Recommendations are made on methods lor
existing dikes are discussed Table 10 summarizes the Corps mitigating or minimaing the identified problems, four specifi(
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research areas also are cited. Appendices to the report Districts in the Gulf Coast, Atlantic Coast, Pacific Coast, and
contain: (1) details of on-site investigations; (2) the discussion Great Lakes regions. Findings relating to confined disposal
guide used in determining confined disposal practices; and area design and operation and to retaining dike design.
(3) a brief note on the possible use of disposal areas for construction, and stability are presented for many disposal
energy production. Selected bibliography of 95 items. For sites in the different Districts. Appendices to the report give
separate sections of this report, see the following two detailed descriptions of individual or groups of retaining dikes
abstracts. For separate sections of this report, see the following seven

abstracts.

139
142

Idantifcatlon of objectionable condilions and lues
rolatng to confined disposall areas. In: Identification of Status of confined dredged material disposal. In: Prac-
objectonable environmental conditions and uss assoc- rices and problems in the confinement of dredged matenal in
ated with confined disposal areas, pp. 7-56. September Corps of Engineers projects, pp 3-23 May 1974 Technical
1974. Contract Report D-74-4. Report D-74-2.

Problematic conditions associated with effectiveness of con- Problems commonly encountered by Corps of Engineers (CE)
fined disposal areas include: dike instability, seepage, dike Districts in relation to confined material disposal are dis-
erosion, ponding, channelization. turbidity, release of pollu- cussed. The most important of these are difficulties in
tants, changes in water current patterns and velocities, odor, obtaining the cooperation required from local interests or
and mosquitoes. Major issues raised in objection to confined sponsors and in land acquisition Possible alternatives to
disposal areas are ecological disruption and land-use lowland dredged material disposal are briefly outlined FI forts
changes. Many of the identified conditions and issues are being made by different CE Districts towards long-range
illustrated by reference to actual conditions in the different planning for confined disposal are reviewed Studies under
districts studied. For an overall summary of Contract Report way to determine beneficial uses of the dredged material are
D-74-4, see abstract no. 138. also described These include constr-iction materials. agricul

tural and recreational uses, industrial fl1 aid special applica
lions of dredged fill material For an overall summary of
Technical Report D-74-2, see abstract no 141

140

Identificdaon of practices and regulations relating to 143
confisnd disposal areas. In: Identification of objecbonal
envihonmenta/ conditions and isses associated with con-
fined dieosi areas, pp. 57-92. September 1974 Contract [Containment ares design and opereon porelimy
Report D-74-4. site considerations.] In: Practices and problems in the
Practices employed at the district level in the construction and confinement of dredged material in Corps of Engineers
operation of confined disposal areas are assessed in relation projects, pp 24-31. May 1974 Technical Report D 74 2

to measures being taken to minimize conditions causing Practices of different Corps of I ngineers Districts in site
public concern about confined disposal areas. Practices selection and disposal area size determination are outlined
relating to disposal area effectiveness, to biological, physical, and illustrated by typical examples Significant factors in
and chemical changes, and to social issues are discussed. capacity determination are the design factor, the settlement of
Inspection practices also are outlined. Applicable official the disposal area, and the dredged slurry discharge rate For
manuals and regulations are listed. For an overall summary of an overall summary of Technical Report D 74 1 see abstract
Contract Report 0-74-4, see abstract no, 138. no 141

141 144

Practie and probletis, In Ite oonflnsmisnt of dredged (Contalrwnt area design and operatlom- dispoa motth-
I In Cor* of Engines projectW William L ode.] In: Practices and problems in the confinement of

Murphy, Timothy W. Ziegler. Vicksburg. MS, U S Army dredged material in Corps of Engineers prolects, pp 31 36
Engineer Waterways Experiment Station, Soils and Pave- May 1974 Technical Report D 74-2
ments Laboratory, May 1974 Technical Report D-74-2 (NTIS Dredged material is most often conveyed to confined disposal
No. AD-780 753) facilities hydraulically. i e, by pipeline dredge or by pumpoul

With a view to obtaining information on Corps of Engineers of hopper dredges, temporary rehandlinq basins, or loaded
practices and problems in confined disposal of dredged scows Long-distance piping is also feasible F xamples of the
material, visits were made in 1972 to 47 Corps of Engineers use of these methods in different Corps of F ngineer Districts
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are cited. Mechanical filling of areas by dipper, bucket, and

ladder dredges is employed less frequently and is usually 148
supplementary to hydraulic methods. For an overall summary
of Technical Report D-74-2, see abstract no. 14 1. Retaining dike design, construction, and stability. In:

Practices and problems in the confinement of dredged
material in Corps of Engineers projects, pp 65-124 May

145 1974. Technical Report D-74-2

The general features of retaining dikes constructed in Corps of
Engineers Districts in the Gulf Coast. Atlantic Coast. Pacific

(Containment area design and operation: effluent iluic- Coast and Great Lakes regions are described Practices
ing methods.] In: Practices and problems in the confine- employed by the Districts and their contractors relating to
ment of dredged material in Corps of Engineers projects, pp. retaining dike design and construction are discussed Paricu-
36-45. May 1974. Technical Report D-74-2. lar reference is made to contract specifications, construction

Methods used in various Corps of Engineers Districts for materials, and construction costs Factors contributing to
draining confined disposal facility effluent are described and retaining dike failures are presented. These include founda-
illustrated by examples taken from typical installations. The lion conditions, construction methods and materials, seepage,
different types of equipment used include outfall pipes and and erosion Remedial and preventive methods that can be
siphons, drop inlet sluices, box sluices or flumes, and dike taken are dike inspection, control of disposal operations, and
filters. In the case of dike filters, the filter medium may take the dike maintenance and repair For an overall summary of
form of the dike material itself or a separate filter structure Technical Report D-74-2, see abstract no. 141.
may be installed in a section of the dike. For an overall
summary of Technical Report D-74-2, see abstract no 141.

149

146 Abatement of malodors at confined dredged material
disposal sites. W Harrison, A Dravnieks, R Zussman, R

(Containment facility operation; odor control; mosquito Goltz. Argonne, IL, Argonne National Laboratory. August
control.] In: Practices and problems in the confinement of 1976 Contract Report D-76-9 (NTIS No AD.A030 597,
dredged material in Corps of Engineers projects. pp 45-62 Numerous samples of air and dredged material were collect-
May 1974 Technical Report 1-74-2 ed from seven confined disposal sites throughout the United

Factors affecting the efficiency of operation of confined States in an attempt to develop abatement procedures for
disposal facilities are discussed and illustrated by examples malodors Odorous compounds in the air samples were
taken from installations in different Corps of Engineers identified by gas chromatography/mass spectrometry, while
Districts Among the factors discussed are channelization, the detection threshold, intensity, and character of the various
wind, and mounding of dredged material Methods used by odors were determined by experienced odor panelists using a
the Districts to improve facility efficiency include the use of dynamic, forced choice-triangle olfactometer An odor abate
cross dikes, alternating disposal areas, spu,, dikes, interior ment strategy is proposed Because of the almost nonexistent
drainage ditches, vegetation, energy dissipaters, filler fences, state-of-the-art in field-tested and operationally proven mal
and flocculants Efficiency is also affected by weir crest odor abatement methodologies, the performance data result
length. ponding. detention time, and freeboard, as well as by ing from field applications will prove quite valuable in
dredge pipeline size and location Measures taken by different technique refinement and determination of limits of applicabili
Districts for odor and mosquito control are outlined For an ty The sulfur cycle in the hydrosphere is discussed in an
overall summary of Technical Report D-74-2. see abstract no Appendix 47 references For separate sections of this report
141 see the following two abstracts

147 1510

Disposal area effluant requirements. In Practices and Analysis of methods of odor abatement. In Abatement of
probilleim in 11 confinement of dredged mterial in Corps of maodors at con#ned dredged material disposal sifes. pp
Engn eners projects, pp 62 64 May 1974 Technical Report 101 129 August 19f76 (,ontract Report I 176-9
D-74-2 Various odor abatement treatments rind rrirfhodoloqi,, arte
Effluent standards used by 16 Corps of Fngineers Districts are evaluated Many ot the motf obvious anl ,nost i-,I effeclive
tabulated Practices in the Districts relating to monitoring of approache, fall under the term operaional approiach I(1'r of
effluent quality are briefly discussed I ffluent monitoring is iilfa(.t)ry actlive additives shoi ld te limited to occasion's '1

usually a contractor responsiblity and in some Ditricts s, which distnct malodorf problems eist and suffi( ieit Pvid erice
specified in dredging contracts or a, overall summary of indlicalte[ ti the addltve Wiil milgate the malodor I ormula
Technical Repot ) 74 2see abstract no 14 1 lris shriijid he evaluated c-retily treatmen fry izrnizatio,
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and aeration do not appear to be promising. Strategies of __
disinfection, antibiotic treatment, pH adjustment, rnicrobial 153
competition, and bioconversion are discussed, in general,
malodors at European dredged material disposal sites do not
constitute a significant problem, For an overall summary of Capacity of containment arm. In: Aathematical model for
Contract Report D-76-9, see abstract no. 149. pedichnig the consolidation of dredged material in confined

disposal areas, pp. 7-36 January 1976. Technical Report D-
76-1

The total volume of the diked area available to hold dredged
151 material is examined Bulking factors are discussed to outline

procedures for estimating the ultimate reduction in volume of

Odor abatement atrategy. In: Abatement of malodors at diredged material and to add to the understanding of the
confined dredged material disposal sites, pp 130-137 relative behavior of different types of dredged material
August 1976. Contract Report D.76 9 Volume-time relationships are explored by examining sedi-

rrentation and consoidation theories I[he settling characteris-
tics of dredged suspensions. methods for determining sedi-

An odor abatement strategy is presented for handing the menlation (Bosworhs method and a new method), the
expected range of odor conditions at dredged material consolidaton characteristics of dredged material and founda-
disposal sites. It consists of a series of managernent decisions lion soils, and four approaches for evaluating consolidation
concerning disposal site selection, site preparation. odor (the I ane and Koelzel method the Terzaghi theory. Gibson's
characterization of the sediment to be dredged, odor abate theory. and a new method) are reviewed For an overall
ment during dredging and disposal operations, malodor summary of Technical tleport D 76-1, see abstract no 152
abatement after disposal, and the handling of odor com
plaints. An accompanying chart presents the step-by step
plan for such a strategy. For an overall summary of Contract
Report D-76-9, see abstract no 149.

Low-ground-pressure conatruction equipment for use In
152 dredged material containment area operation and main-

tenance-equpment inventory. Charles E Green, Adam A
Rula Vicksburg, MS, U S. Army Engineer Waterways Experi-

Mltematical model for predicting the consolidation of ment Station, Environmental Effects Laboratory. April 1917
dredged material In confined diaposal areaa. t awrence D I e(jnical Report [D 77 1 (N TIS No AD A041 45 1)
Johnson Vicksburg, MS. U S Army Engineer Waterways
Experiment Station, Soils and Pavements I aboratory. January
1976 Technical Report D.76-1 (NTIS No AD A020 949) Sixty low-ground pressure vehicles were evaluated to deter

mine their capabilities for operating in and around confined
dredged material disposal areas Available low-ground-pres.

Important parameters related to sedimentatirn and consolida sure vehicles were inventoried by searching the literature and
tion and their effect on the determination of confined disposal by contacting J S and Canadian manufacturers The vehicles
area capacities are evaluated, and interim guidelines are were divided into six payload classes that indirectly reflect the
proposed for sizing confined disposal sites A tentative size of the lob that the equipment can be expected to perform
procedure is suggested for estimating the volume time rela Only vehicles with 1-pass vehicle cone indexes of 30 or less
tionships of dredged material in a flooded confined disposal were included in the catalog the soil vehicle analytical
area based upon simple sedimentation and consolidatin siirridel of AM( 71 was used to predict vehicle perlor
theories The procedure also includes a method for computing mance which was expressed in terms of go no go and
the consolidation of the foundation soils by standard consoh tractior :apa iity on five selected soil strengths representing
datnon theory Deficiencies in existing procedures and needs many operating environments These environments can be
for further research also are outlined Appendices to the highly variable within a given site in terms of type of material
report contain (1) a method for evaluating sedimentation rates profile strength presence of surface and subsurface water
of suspended solids in slurry of dredged material and (2) a ind vegeal cover thereby presenting a very harsh operation
finite difference code for consolidation of dredged material al climate for vehicles or equipment Appendices tn this reporl
and foundation soil This is one of several studies conducted describe (1) methods used to compute soft soil vehicle
to develop procedures for sizing containment areas 'orlions pPernrmance (;') the effects of soff soil buoyar-ny on vehicle
of the procedures reported herein were used to) develop final lone index determination, and a vehicle c1atalog tro assist
guidelines contained in technical Report US. 7f 10 tabstract 1.)tetital users in assessing and/or selecting vethicles to
no 10) 5 t references For a separate sectiorn of this retport perf()rni obis relevant to the operat on and maintenance of
see the following abstract (.rrifinel disp)sal areas 7 references
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senting a broad spectrum of vehicles with various propulsion
155 systems and a range of weights and sizes is evaluated on a

go-no go basis in confined disposal areas. Survey and
reconnaissance vehicles are only available to a limited extent

Low-ground-preamsre construction equipment for use In Many smaller lightweight vehicles are capable of making
dredged material containment area operation and main- single passes in an area but cannot perform work requiring
tenencl: performance predlctions William E. Willoughby. multiple passes. Conventional trenching machines and earth-
Vicksburg, MS. U.S. Army Engineer Waterways Experiment moving equipment require firm soils on which to operate and
Station, Mobility and Environmental Systems Laboratory, consequently were predicted to negotiate only about 50
August 1977. Technical Report D-77-7 (NTIS No. AD-A044 percent of the areas sampled. Unique or specialized types of
209). equipment designed specifically for soft-soil operations were
The operational environments at 45 sites in nine Corps of predicted to negotiate more than 95 percent of the areas
Engineers Districts throughout the United States were charac- sampled and could perform functions other than survey and
terized on the basis of soil data, and performance predictions reconnaissance. For an overall summary of Technical Report
were made for various low-ground-pressure vehicles using D-77-7, see abstract no. 155.
the collected soil data and generalized soil-vehicle relations
developed at the U.S. Army Engineer Waterways Experiment
Station through years of research in soil-vehicle interactions.
In addition, the initial dewatering efforts in dredged material
confined disposal areas at Mobile, Alabama using the Rive-
rine Utility Craft were appraised as an indication of the 158
direction future efforts should follow in dewatering and
consolidating dredged material confined disposal facilities.
The appendix to this report provides a data summary and site Sidng of containment areas for dredged malteral. Su-
description for sampled confined disposal areas 7 refer- zanne E, Lacasse, T. William Lambe, W. Allen Marr. Cam-
ences. (Author abstract modified) For separate sections of the bridge, MA, Massachusetts Institute of Technology, Construct-
report, see the following two abstracts. ed Facilities Division, Department of Civil Engineering, Octo-

ber 1977. Technical Report D-77-21 (NTIS No. AD-A050 038)

156 A rational method for sizing confined disposal areas is
presented together with three interim guidelines for selecting
the parameters required by the method. The results of this

(Me 1todology for iredIctilng vehicle prforance.] In: study as well as other separate procedures were used to
Low-ground-peessur. construction equipment for use in develop the recommended sizing procedure contained in
dredged material containment "rea operation and mainte- Technical Report DS-78-10, 'Guidelines for Designing, Oper
nanic perfbvmance predlctlons, pp. 15-22. August 1977. sting, and Managing Dredged Material Containment Areas.'
Technical Report D-77-7. The technique developed from this study aims at improving

The method employed to make performance predictions for the bulking factor sizing method which is in use and takes into
various low-ground-pressure vehicles for use in confined account (a) the properties of the channel sediment to be
disposal area operations consists, in part, of experimental dredged, (b) the behavior of the dredged material in the
relations for vehicle drawbar pull and motion resistance in disposal site, and (c) the components of the dredging
terms of measured soil strength parameters The standard operation that affect volume of sediment dredged. The major
measure of soil strength used in vehicle relations is obtained unknown in the method is the void ratio of the dredged
with the Waterways Experiment Station cone penetrometer material, laboratory sedimentation tests on channel sediment
and is expressed as either cone index for coarse-grained soils help predict void ratio versus depth and time in dredged
or rating cone index for fine-grained soils For an overall material. Pertinent values of the dredging operation were
summary of Technical Report D-77-7, see abstract no. 155 reviewed, the behavior of several types of dredged material

was studied, and the prediction methodology was applied to
four disposal sites--two in Cleveland Habor (Ohio), the

157 Brantord Harbor upland disposal site (Connecticut), and the
Anacortes disposal site (north of Seattle, Washington). In
general, comparisons of the predicted versus measured void

Predot of -ehi prfornence. In: Low.ground-pres- ratio distribution of dredged material and the predicted versus
ure oOnfruLictlon equipment for use on dredged material observed performance of confined disposal areas were

contalmenf are operatltn and na intenance: performance satisfactory. Appendices describe (1) seven confined disposal
prect 1pp. 22-29. August 1977 Technical Report D-77- sites in use by the Corps of Engineers (Branford Harbor
7 upland disposal site, Anacores, Capsante, James River.
Three basic work functions are identified as necessary for Windmill Point, Browns Lake, Upper Polecat Bay, and Cleve.
adequate operation and maintenance of confined disposal land Harbor), and (2) notations used in the reporl 25
areas survey and reconnaissance, trenching. end earthmov. references (Author abstract modified) For separate sections
ing The anticipated work performance of 18 vehicles repre- of this report, see the following two abstracts
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ology for the design of efficient confined disposal areas Sites

159 were located in the Baltimore, Charleston. Galveston, Mobile,
Norfolk, Philadelphia, Portland. Savannah, Seattle, and
Vicksburg Corps of Engineers Districts It was concluded that

Confined disposal area siling methodology. In: Sizing of the addition of spur dikes to increase the effective length-to-
containment areas for dredged material, pp. 18-32. October width ratio, prevent short-circuiting between inlet and outlet.
1977. Technical Report D-77-21. and retard wind-induced circulation was the most economical

The methodology devised for predicting the size of confined method of maximizing hydraulic efficiency, particularly for
disposal areas filled with dredged material, an extension of large, square-shaped areas. Other recommendations include
the Massachusetts Institute of Technology marsh creation the specification of minimum ponding depths based on
sizing method, establishes an interrelationship between mea- selective withdrawal principles and the design of long.
surable soil characteristics and dredging operation parame- rectangular weirs to prevent flow concentration and resuspen-
ters. A material balance equation determines the effective sion problems Appendices present (1) the review of CE
volume of solids entering the confined disposal area and Districts disposal operations. (2) the mathematical analysis of
yields the required containment volume. The methodology basin hydraulics; (3) the weir and flow characteristics litera-
incorporates the following parameters: (1) volume of sediment ture review; and (4) the economic analysis 76 references
to be dredged; (2) in situ void ratio of sediment; (3) (Author abstract modified) For separate sections of this report.
overdredging factor; (4) loss factors in the dredging and see the following three abstracts
disposal operation; (5) rate of filling the confined disposal
area versus effluent detention time; (6) average void ratio
versus depth (and total unit weight) of dredged material at a
given time; and (7) foundation settlement. For an overall 162
summary of Technical Report D-77-21, see abstract no. 158.

[Matlematfcal model for determining the Influence of
basin hydrultim i, Investigabon of containmer area

160 design to maximize hydraulic efficiency, pp 48-61 May
1978 Technical Report D-78-12
A theoretical approach was developed to predict the flow field

Table 1: Summary of slzing metlhods used by selected in a homogeneous shallow basin with through-flow and super
Corps of Engineers dIstrIct offices and resirch sgen- imposed wind The major physical parameters include
des. In: Sizring of containment areas for dredged material, p through-flow, wind stress, eddy viscosity, bottom topography
19. October 1977. Technical Report D-77-21 and disposal area geometry A general solution for the
The sizing methods employed by 12 Corps of Engineers transport stream function was obtained for a rectangular basin
district offices and research agencies in the United States and of constant depth with uniform wind and arbitarary locations of
Japan are listed The majority of the offices consulted use a the inflow pipe and outflow weir Solutions for particular cases
refined but still empirical bulking factor technique in which were then obtained, and methods were advanced for deter
sizing depends on a factor defined in terms of the grain size of mining the effects of wind on the velocity field and the
the sediment The sizing factors indicated by each organiza- distribution of retention times Justifications of applicability
tion express the ratio of the volume occupied by the dredged and detailed mathematical derivations are appended For an
material in the confined disposal area to the volume of overall summary of Technical Report D-78-12. see abstract
sediment removed from the channel botton For an overall no 161
summary of Technical Report D-77-21, see abstract no. 158.

163
161

[Factors affecting the dlechaig of eupernstants In
Inveetlgation of containmtient seo deelgn to mxilmize confined disposal area ) In: Inveeiatton of containment
hydraulic efficiey. Los Angeles. CA. Brian J Gallagher area design to maximize hydnulic efftciency, pp 62 77 May
and Company, May 1978 Technical Report D-78-12 (NTIS 1978 Technical Report D-78 12
No AD-A056 525) The influence of weir design on the effective discharge of
Methodologies for improving the hydraulic efficiencies of supernatants from confined disposal areas is discussed The
dredged material confined disposal areas were investigated, manner in which supernatants are released from a sediments
and general guidelines for the proper design and operation of lion basin affects the velocity and density distributions of the
disposal areas and their inlet and outlet arrangements were water column in front of the weir, which then influences the
developed. The study consisted of (1) a review of published quality of the discharged supernatants The selective with
literature and technical reports. (2) site visits and field tests at drawal concept of controlling the quality of these waters was
10 active disposal areas to obtain operational data, (3) chosen for initial investigation, and the preliminary findings
development of a mathematical model and computer pro- and recommendations are presented The application of the
grams to predict flow patterns and retention times of different selective withdrawal concept to weir design was evaluated in
area configurations, and (4) formulation of a general method more detail in a later study (see Technical Reporl ) 78 18
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abstract no 165) and final guidelines are given in Technical the weir for special applications also is presented Append
Report DS78-10 (abstract no 10) Specific attention is given ices to the report give (t) equations to relate density and
to the factors which affect ideal settling coinditions in a solids concentration and (2) withdrawal depth and veiocity
sedimentation basin. These include the physical and chemical profile models. 94 references. (Author abstract)
characteristics of the suspension, the occurrence of short
circuiting, the resuspension of sediment, the nonuniform
deposition of sediment, and the occurrence of turbulence in
the basin. For an overall summary of Technical Report D-78-
12, see abstract no. 161.

166

164 An Investigation of physical, chemical, and/or biological
control of mosquitoes In dredged material disposal

(Economic consideratons for maximizing hydraulic 9f1- areas. Final report. W Bruce Ezell, Jr Charleston, SC. The
clencles of disposal atlse.] In: Investigation of contain- Citadel, The Military College of South Carolina August 1978
ment area design to maximize hydraulic efficiency, pp 78-86 Technical Report U-i8-48 (NTiS Nu AD A06 ! 31 1)
May 1978 Technical Report D-78-12

Economic factors which will help the designer minimize
disposal costs while maximizing hydraulic efficiencies are Detailed studies were conducted on the ecology and control
discussed An overall concept of evaluating disposal projects of mosquitoes developing within dredged material disposal
for minimum total costs is presented, followed by an illustra- sites near coastal locations in several U S Army Corps of
tion of the manner in which outside dike shapes and sizes Engineers (CE) Districts Primary study sites were located i
affect the unit cost of disposal operations Optimum internal the Charleston District All known literature citing an associa
configurations to maximize hydraulic efficiencies at minimum ton between mosquitoes and disposal areas was reviewed,
unit costs per cubic yard are then developed. Additional and a national survey of the attitudes and opinions of
details and generalized analytical equations are included in an
Appendix, which focuses on configurations for longitudinal personnel from local mosquito abatement districts, a selected

and transverse spur dikes For an overall summary of CE Districts, and State vector control agencies was analyzed
Technical Report D-78-12, see abstract no 161 using national and regional controls Studies on factors

affecting the ecology of all arthropods within disposal sites
were initiated, including soil and water characterizations An
arthropod successional pattern was postulated based on soil

165 weathering patterns Eight different successional stages

based on soil patterns were identified Imergence traps were

Weir design to maintain effluent quality from dredged used to study arthropods associated with dredged materia of
material containment areals Thomas M Walski Vicksburg. varying ages, and studies were made comparing adult
MS. U S Army Engineer Waterways Experiment Station. mosquito activity with selected weather variables Site visita
Environmental Laboratory, May 1978 Technical Report D.78 tions were conducted to eight CE Districts, where additional
18 (NTIS No AD-A056 062) observations and collections were made Results of limited

A procedure is developed for designing and operating the tests using two insect growth regulator compounds are
weir to maintain good effluent quality, given a flow and presented Mnre extensive tests were ci ndLucted using physi
dredged material type Stratified-flow and sediment-transport cal contro' easures. including the use 0f rim ulitchrig
models were investigated to describe the depth of withdrawal techniques and the Riverine thlity Craft A uisinQ tif plant
velocity profile, and effluent suspended solids concentratirn.
given a concentration profile and flow Field data on these success10rial patterns i)anI species aso(ated with mosqu'l.

parameters were collected at three sites- Yazoo River, Missis larvae standing crop estiratons and species l:imstii)0
sippi and Fowl River and Oyster Bay, Alabama The Water data from dispisal sites 5s prPsenled (lrntiiiogat studies

ways Experiment Station's selective withdrawal model devel iciinsidereId tWe spe( i, (ornptifi(ri f bird, 0 u1t7ng disposal
oped by Bohan and Grace, modified to fit observed data was siles Apendel lire..t ' I! a ovtew 0 the nte,agerry

selected as the basis of the design procedure Using this gie'Spe( live, i 'i lt -iti,,is r li idiiliii i line(J
model. nomograms were developed for the design proceduti dredge d "raters -tr'. dite'. > a ,;I it iji 'ii at dala hy

for sift and saltwater clays and for freshwater clays rhP e , , ji 'ie. Ii,., ,w, IC fr.
nomogram relates the flow. weir length. ponding depoth and *, Iate-* I Ii.,iJQ,.,t "ale, d ,,' .,li s 4. a s'-1. ia

effluent suspended solids concentration The desiqner 1arii ,1 if t "lahr's i h e I h ',f I. ,' irls us'.,r'n i

ulates these four variables until he reaches a satisfarlry
balance between weir length and pondning dept), haseid rn.a
design flow and effluent goal M odified ve .siriri. t.l hes , lps 

,  
i - Ii' .. .. , Ito. A I rir. I avis , , er e s

nomograms are presented in final gideine , iria ,; t w . , ' !'tl IP I '-I #, .5. .o ''-,ierri rA.

Technical Report DS. 7f8 10 Sharp Prst , ,qit5 ,iii',' .'J .t,.. . I*' - -[,*~. l 'e r , 'r.I t

shaft type weirs are recommended (ridan r ... , .. ..... .,, . . t ".0 1 1',
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are nematodes, bacteria, fungi, viruses, and protozoa, the
167 major predators are vertebrates, invertebrates, or plants. The

use or release of sterile, incompatible, or male mosquitoes
with adverse genetic translocations is generally referred to as

Arthropod successional patterns within dredged materi- genetic control, an approach which has shown excellent
i disposal sItes. In: An investigation of physical, chemical, promise in areas isolated from other breeding areas. Most
and/or biological control of mosquitoes in dredged material potential control organisms cannot yet survive and/or be
disposal areas, pp. 54-115. August 1978. Technical Report D- released into disposal sites. However, the future for biological
78-48. control remains promising. For an overall summary of Techni-
Studies were conducted to elucidate possible successional cal Report D-78-48, see abstract no. 166.
patterns of plants, soil, and arthropods that could be related in
turn to mosquito patterns. Soil samples from several disposal
sites with a history of producing mosquitoes were analyzed for
chemical content, and a picture of soil weathering stages was 170
proposed on the basis of these and other tests. Eight different
successional stages based on soil patterns were studied.
Emergence traps were used to sample the arthropod fauna Feasibility of Pinto Island as a long-term dredged

associated with these stages. All of the data indicate that material disposal site. T. Allan Haliburton, Patrick A

arthropods were using dredged material in greater numbers Douglas, Jack Fowler. Vicksburg, MS, U.S. Army Engineer
than had been expected. A table of all arthropods collected Waterways Experiment Station, Environmental Effects Labora-

from disposal sites is presented. As a result of this study, field tory, December 1977. Miscellaneous Paper D-77-3 (NTIS No

workers can be trained to recognize the various dredged AD-A050 331).
material stages, and these can then be related to mosquito A cooperative effort by the U.S. Army Engineer District. Mobile
potential. For an overall summary of Technical Report D-78- (MDO) and the U.S Army Engineer Waterways Experiment
48, see abstract no. 166. Station (WES) to illustrate application of technology devel-

oped by the Dredged Material Research Program (DMRP),
administered by WES, in solution of field element problems is
described. The study sought to determine if a site on Pinto

168 Island, near Mobile, Alabama, could be used as a long-term
disposal facility to contain maintenance dredging material
from the Mobile River. Survey data, foundation characteriza-

Ecology of mosquitoes associated with dredged materi- lion, and background data were provided by MDO, while
al disposal sltes. In: An investigation of physical, chemical, evaluation and assessment were conducted by WES Using
and/or biological control of mosquitoes in dredged material DMRP-developed concepts, plans were developed for opti-
disposal areas, pp. 116-177. August 1978 Technical Report mum use of the site, including details of sequential construc-
D-78-48. lion, dredged material dewatering. and productive use of
The results of field trips made to a large variety of dredged dewatered dredged material. Two alternate disposal area
material disposal sites in various CE districts are presented configurations to provide adequate capacity through the year
and discussed. Individual sections cover the following topics 2007 and through the year 2019 are proposed for consider-
(1) prevalence of larval habitats for mosquitoes within ation by MDO. For each alternative, total costs of disposal
dredged material disposal areas; (2)survey of larval mosqui- area construction, operation, and maintenance are estimated
toes associated with disposal areas (3) chemical characteris- to be approximately $0 40 per cubic yard of storage capacity
tics of water from larval habitats within disposal areas: (4) The appendix presents a preliminary design for the Pinto Pass
adult mosquito surveys within disposal areas, and (5) influ- dikes. (Author abstract)
ence of weather on adult mosquito light trap collectons from
disposal areas For an overall summary of Technical Report
D-78-48, see abstract no 166.

, 1/I

169 Methodology for design of fine-grained dredged materd-
al containment areas for oelids retention. Raymond L

- Montgomery Vicksburg, MS, U S Army Engineer Waterways
Poesiblitlee for biological control of mosquitoec within E xperiment Station, I nvironmental L aboratory, December
dredged materil disposal sites. In: An investigation of 1978 technical Report -/8-56
physical, chemical, and/or biological control of mosquitoes in Procedures tor designing fine-grained dredged material condredged material disposal areas. pp 183-191 August 19/8 finement areas to provide adequate retention of suspended
Technical Report D-78-48 solids so that required effluent suspended solids levels can be

Various operative or possible future methods of biological met are provided based on field and laboratory investigations
control of mosquito populations at dredged material confined f eld studies were performed to obtain samples of channel
disposal sites are examined Classically. biological control sediment and dredged material for laboratory tests, determine
agents are composed of diseases (pathogens and parasites) suspended solids levels of dredged discharqes an disposal
and predators The main qroups of pathoqens and parasites area effluents and develop profiles of suspended sihds
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versus depth for the disposal areas. It was found that grab (8) the composition of heavy metals in Rotterdam Harbor mud;
samples taken from the channel bottom are sufficient for (9) a glossary of terms; and (10) notations. 21 references
performing sediment characterization and settling tests; it also
was demonstrated that settling tests performed in an 8-in -
diam. column are satisfactory for defining dredged material
settling behavior within a confined disposal area. Methodolo-
gy is presented for designing new disposal areas for suspend-
ed solids retention and the suspended solids retention
potential of existing disposal areas. The designs call for Dewatering and Densifying Dredged Material
suspended solids removal by the process of gravity sedimen-
tation, allowing discharge of carrier water from the confined 173
disposal area. Design methods for saltwater and freshwater
sediments are included. Appendices to this report contain (1)
column settling test data and (2) example design calculations. Feasibility study of hydrocyclone systems for dredge
35 references. (Author abstract modified) operations. W. G. Tiederman, M M. ReFischman. Stillwater,

OK, Oklahoma State University. Office of Engineering Re-

search, July 1973. Contract Report D-73-1 (NTIS No. AD-766
212).
The development of processes which will clarify the water and172 concentrate the small suspended solids in dredge spoil would

make spoil transport more efficient, would permit the use of

Assessment of certain European dredging practices and smaller sites, and would decrease the environmental i pact
dredged material containment and recamation m of dredge operations. The feasibility of using hydrocyclone
ods. K. d'Angremond, J. Brakel, A. J. Hoekstra, W. C. H. separators for the concentration and clarification of dredge
Kleinbloesem, L. Nederlof, J. de Nekker. Rotterdam, The spoil has been studied using six dredge spoil samples, two
Netherlands, Adriaan Volker Dredgig Co., December 197B. clay surries, and one sand The effect of particle size,
Technical Report D-78-58. viscosity of fluid, and inlet solids on the effectiveness of the

hydrocyclones was determined. Attempts also were made to
A study was made of dredging practices, reclamation meth- increase performance by chemically flocculating the solids
ods, and environmental effects of dredging in Western upstream of the hydrocyclones. While the clarification and
Europe, by visiting more than twenty ports and six countries concentration performance of the hydrocyclones was good on
and discussing pertinent matters with knowledgeable authori- low solids content clay slurries, the performance ranged from
ties. A remarkable similarity of dredging practices, reclama- average to poor on the spoil samples. Reasons for the poor
tion methods, and dredging equipment was noted among the performance are discussed. The feasibility of using hydrocy
European ports. The productive land use of dredged material clones to recover sand and gravel while rejecting fine silt also
was a common goal. Contaminatin problems existed or were was studied. The hydrocyclone successfully recovered sand
potential to various degrees at all ports. All were aware of the from the full range of spoils and may be applicable for
need for continued researh into dredging practices and classifying solids in dredge spoil. Appendices to this report
reclamation methods and of the need to intensify research in contain: (1) tabulation of results, (2) detailed procedural
the area of environmental effects. The need for regionaland descriptions, (3) a description of the sink-vortex clarifier and
worldwide legislation to control contamination and other summary tables of thickening tests; (4) theoretical analyses
adversese environmental effects also was universally recog- and mathematical derivations; (5) a data sheet for hydrometer
nized. Conventional and special dredges, other equipment, analysis; and (6) sample calculations. 10 references (Author
and methods of classifying the material to be dredged are abstract modified)
described in detail. Disposal methods and practices are
described and resulting environmental impacts are discussed.
Methods include disposal in the ocean, rivers, lakes, pits, and
confined and unconfined land areas. Methods of dewatering 174
dredged material and reclaiming and utilizing confined dis-
posal areas are presented Agricultural uses of disposal areas
are discussed and research results of laboratory and field Demonstration of a methodology for dredged material
experiments oncntaminant uptake by plants are presented reclamation end drainage. Carl W Garbe, David D Smith
Other productive uses of dredged material and/or disposal Sri Amerasinghe San Francisco. CA. Dames & Moore.
areas are outlined Appendices to the report contain: (1) a September 1974. Contract Report D-74-5 (NTIS No AD-AOO0
description of the European ports visited, (2) Permanent 896).
Internatinal Association of Navigation Congresses (PIANC) Results are given of a field demonstration conducted t
sediment classification system; (3)discussion of increasing evaluate the effectiveness of a method for reducing the
percent solids in hoppers through the use of polymers and volume and improving the physical characteristics of dredged
hydrocyclones; (4) a discussion of the dehydration of clay material for disposal in confined areas The method consists
minerals; (5) discussion of the development of bearing of periodic mechanical agitation of newly deposited dredqed
capacity of hydraulically transorted sands (6) physical, material slurry by a tracked vehicle in order to prevent thi-
chemical, and microbiologicalripening of soils in polders. (7) a formation of a desiccation crust and thereby accelerate the
discussion of research into heavy metals in the Dutch delta, evaporation of water by natural processes Append,(.e%



describe (1) other demonstrations of the slurry conditioning successfully treated by conventional soil mechanics and
methodology and (2) meteorological monitoring data. Note foundation engineering practices, but the practicality of using
that later DMRP research indicates the procedure demon- coventional densification techniques to increase disposal area
strated has limited application (see later information on capacity depends more on economic than on technical
effectiveness of agitation in Technical Repori D-77-10). 8 considerations. Appendices include: (1) a description of
references. sediments; (2) a summary of conventional dewatering and

densification techniques. and (3) calculations for the econom-
ic evaluation of densification techniques. 123 references For
separate sections of this report, see the following three

175 abstracts.

Laboratory study of aeration as a feasible technique for
dewaterng fine-grained dredged material. Stillwater, OK,
Environmental Engineering Consultants, Inc., December 1976. 177
Contract Report D-76-10 (NTIS No. AD-A035 673).
The feasibility of employing aeration as a means of hastening Engineering properties of dredged material. In: State-of-
the drying of fine-grained dredged material was investigated the-art applicability of conventional densificaton techniques
analytically and experimentally. Laboratory experiments were to increase disposal area storage capacity, pp. 14-39 Aprii
conducted on two materials in which 3-ft and 6-ft cylindrical 1977 Technical Report D-77-4.
columns of slurry were aerated at various airflow rates
employing initial moisture contents from 200 to slightly over Engineering properties of dredged material placed in confined
300 percent. It was shown that bubbling of diffused air into the disposal areas are evaluated conceptually by considering
slurry increased the rate of moisture loss. Statistical analyses samples of dredged material of known properties in sedimen-
of these data led to an empirical formula for predicting tary environments similar to those found in disposal areas
moisture content from initial moisture content, depth, and unit Engineering properties of material from dredging sites in the
airflow rate for the two materials. The equation provided Delaware River, Toledo Harbor, Buffalo Harbor, Cleveland
reasonable predictions for results obtained in another labora- Harbor, Mobile Harbor (Upper Polecat Bay) and the Mississip-
tory-scale slurry pit. The high cost of using diffused air to pi River Gulf Outlet are discussed. The placement of material,
enhance drying under field conditions is discussed, and formation of crust, effect of organic matter, water content,
recommendations are made for further field demonstration Atterberg limits, densities, effect of distance of material from
and design criteria studies. 12 references. (Author abstract inlet pipe or overflow weir, void ratio, consolidation character-
modified) istics, and shear strengths are discussed in terms of their

impact on material densificaton. Dredged materials are
compared with soils stabilized by conventional techniques It
appears that conventional engineering experience is applica-

176 ble to densification of dredged material, although there are
important limitations to be considered For an overall summa-
ry of Technical Report D-77-4. see abstract no 176State-of-the-art applicablity of conventional denslfica-

tion techniques to increase disposal area storage capec-
ity. Stanley J. Johnson, Robert W. Cunny, Edward B. Perry,
Leslie Devay. Vicksburg, MS, U.S. Army Engineer Waterways
Experiment Station, April 1977. Technical Report D-77-4 178
(NTIS No. AD-A041 452).
Conventional techniques (including those used in industrial Oescription of conventional densification techniques. In:
processes) for densifying dredged material by dewatering to State-of-the-ar applicability of conventional densificabon
increase disposal area storage capacity and to improve the techniques to increase disposal area storage capacity, pp
engineering characteristics of the material are evaluated on a 40-48 April 1977 Technical Report D-77-4
judgmental basis without the benefit of laboratory or field
research. Conventional geotechnical treatment methods and Conventional physical and mecranical densification-dewater-
technical and economic evaluation of surcharge loading, ing methodologies are described Physical methods include
vertical sand drains, underdrainage, chemical additives and loading techniques, drainage techniques, desiccation by
mechanical working techniques for densifying dredged mate- vegetation, and desiccation by capillary wicks These treat-
rial are reviewed. Cost comparisons of various dewatering ment methods are identified in Table 13 according to benefits
and densification techniques for dredged material are evalu- achieved Mechanical methods are surface drainage, surface
ated which illustrate the factors involved in each technique trenching, reworking of dredged material, material mixing,
and the magnitude of densification costs, but which exclude and a Dutch technique which increases the speed of biologi
cost effects of local conditions Densification by loading, by cal and chemical processes by which the material is convert.
drainage, and by desiccation are the methods evaluated and ed to more stable soil less information is avaiiable on
are discussed solely from the viewpoint of obtaining additional mechanical methods, so they are reviewed in greater detail
storage capacity in disposal artras It is concluded that For an overall summary of Technical Report D.77-4, see
dredged material in disposal areas is similar to materials abstract no 176
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________________________________________ Fine-grained dredged material obtained from disposal sites in f
179 the Great Lakes region was subjected to controlled freeze-

thaw cycling in a special laboratory consolrdomtter Volume

________________________________________- changes and permeabilities were observed after full consoli L
Chemical denalficatlon techniques. In: State-of-the-art datiorn and freeze-thaw cycling for applied pressures in the
applicability of conventional densification techniques to range (it 0 iii to 30 /3kPa . atxiratury results are discussed
increase disposal area storage capacity pp 49-63, April The application of the phenomenon of overconsolidlation by
1977. Technical Report D-77-4. freezing and thawing to disposal sites is examined, and site
Chemical densification techniques used by the phosphate and management procedures are suggested The process ap-
aluminum industries to dewater their waste shines and other pears to be parteularly adaptable to regions of cold winters
chemical treatment methods were studied to determine their where material frost penetrations of mote than tm can be
applicability to dewatering and densification of dredged obtained, but it can also be made applicable to regions of
materials. Based on the experience of the phosphate and imore nioderate winters, such as the Great Lakes region, by
aluminum industries, it appears that flocculants could be used sequentially depositing and freezing dredged material during
to expedite the initial sedimentation of clay-sized dredged the winter nionths. Analyses of the costs of trenchiog,
material. Other chemical techniques such as addition of pumping, and snow removal are appended to this report 22
quicklime and calcium carbide are shown to work but at an references. (Author abstract modified)
expense so great as to probably outweigh the benefits

derived. For an overall summary of Technical Report D-77-4.
see abstract no. 176.________________________

180 Feasibility study of general Cruat management as a
technique for Increasing capacity of dredged material

______________________________________ containment area.. Kirk W Brown. L J Thompson College
Effects of mechanical agitation on drying rate of fine- Station. IX 'exas A&M University. Texas A&M Research
grained dredged material. T Allan Hialiburton. Gary N Foundation October 1977 Technical Report D-717t fNtlS
Durham. Kirk W Brown. Robert F Peters. Thomas b No AD-Ab47 509)
Delaney. Jr Vicksburg, MS, U S Army Errgneer Waterways The influence of meteorological conditions and the physical.
Experiment Station. Environmental Effects Laboratory. Sep chemical, and nilneralogical properties of fine-grained
tember 1977 Technical Report D-77 10 tNTiS No AD) AtJ44 dredged material on the forrmition Mf crusts resulting from
8431 -vaiporative dryrig in cotii ( n-ri sposal areas was evaluated

The results of theoretical and experimental studies conicerning hB san SdTlI~ii...- fT1,it'.d were collectec froni confined
the effect of continuous mecnanical agitation rin the evapora .t'rt. irj. audi, it TitilIi., uedo Non ~lk and M~obile

tive drying rate of tine-grained clay slurries and dredged Me-Itrods ofI iraiarig a corinet dispcsa area to maximize
material are presented Studies included a theoretical inst-sti . rf 'Cat vso7 vir-- st I te moistuffe erntent

gation of factors controlling the evaporation fron souIS Slirtues >,Ui t-If L '-it111 1 V! 11" lit i wight relationships deveioped

a smnall-scale controlled-agitation experimnt luio i9 a tir-d Iiluln tins sluuy wiPV hi-u I,-nt deve6op guidance for the
of low evaporative demand, a large-scale ujoiiilrflet vi;:Iaii v-.'ii.viii-e'i of -Iconfined dusliosa! areas to maxrnize their
experiment during a periodt of high evaporative djci 'ino ii apac Ity II Iiii alerii M. .- tiil~ Mraps ifthIn mean riet
a 6-month field demonstration of periodically nixig surface and gross pa', o va'~~trvi-' tie lielrtal Jiuted States
crust with underlying very wet dredging material at Itic, u ppe' wiitt iili' r- v ill>- ie of 1h(-ruuiztoi

Polecat Bay disposal area in the Mobile.- Aualiarna District pr, J 'I wiler 1( -iti 'w-fi -illin as a tunituin oif mnirage

Based on the results ot these Itlui cx mec-hanical agitation or 1I pi~ra7 ti t ri- e i isis III thi' repirt f untauri, , 1 a
either a continuous or a periodic basis to dewater firie-grained il'idgei'i-Xfo tujirr~e ifite lud repoit (, l a mnoh~y initeni

dredged material is not recommended Appendices to the folic-il record -i-, iw-i-d (i
t 

hivwentic r97h thiiuii Mva1
report contain- (1) test data, (2) pictorial documentation. arid Ir 01'F I hi - i.in,irpc pr. ]idil anrn -11f ,Iata on special
(3) water content data from the large-scale agitatio~n expel' eqipminit uiseit 49 'iecrenie; ori a seaat ection of this
ment. 19 references. mil(l i-;ecIh nii'low ib tstral

181t 1

Freezle-thaw enhancement of the drainage and consoli- Rate of crust formation. In- Feasibility study ot general
d~~o of fine-ralnted dredged material tn confined crust management as a technique for increasing capacity of
diaposalf areas. Edwin ,J Chamberlain Scollt I IIlo uin dredgedJ material containment areas pp f6l 111 t litbef

Hanover. NH, U S Army C.old Regions Research arrid I ri r1 '7 7 fchur af iiRprt 1.1 77 17
neering Laboratory. Foundations arid Maternals lesi-aicn I rI- 'ir ;it whil' a (try I Iu I foirir. .iii mnihort. of criI~
Branch. October 1917 Technical fi;Rprt [I i It. NTI- . Noi - i liliriuiin-e~ owi'si'-O I lqur.i- j-iwInqi averaqe 'a'-
AD-A046 400) lil 1 ioti fi-- ur tI,- uintati I irterf (ItatvS to,
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January, March, May, July. September, and November are abstract modified) For an overall summary of Technical
used to demonstrate the necessity for proper drainage of Report D-77-19, see abstract no. 184.
confined disposal areas. The initial part of any management
scheme must be a program to insure the rapid surface
drainage of rainwater Removal of the crust to a depth of 1 or
1.2m once it has dried to that depth would seem to be the best 186
approach. For an overall summary of Technical Report D-77-
11, see abstract no. 182.

Field study to determine the feasibility of electro-osmot-
Ic dewatering of dredged material. Charles E O'Bannon
Tempe, AZ, November 1977 Miscellaneous Paper D-77-2

184 (NTIS No AD-A048 566).

Research conducted to determine the feasibility of using
electro-osmosis to dewater in-place dredged material eco-

Containment area management to promote natural de- nomically and within a reasonable period of time is described
watering of fine-grained dredged material. Michael J The theory of electro-osmosis states that the rate of flow
Bartos. Vicksburg, MS, U.S. Army Engineer Waterways through soil is proportional to the voltage gradient and the
Experiment Station, Environmental Effects Laboratory, Octo- cross-sectional area. The constant of proportionality is not
ber 1977. Technical Report D-77-19 (NTIS No. AD-A047 514). dependent upon soil permeability, but does vary with intersti-

The results of a study of dredged material dewatering tial water salinity. The relationship is similar to Darcy's law for
concepts conducted to promote natural dewatering of fine- flow through a porous medium under the influence of a
grained dredged material are presented. The study design hydraulic gradient. A preceding laboratory study showed that
consisted of interviews with personnel from Corps of Engi- electro-osmosis does dewater dredged material at relatively
neers Districts, visits to confined disposal areas, and the use low-voltage gradints Dewatering proceeded rapidly during
of technology being developed by the Corps of Engineers the first several weeks of laboratory testing, but then declined,
Dredged Material Research Program. The findings indicate due to drying at anodes and concentration polarization at
that little is being done to dewater fine-grained dredged electrodes During subsequent field testing, at the Upper
material confined on land Based on the engineering ludgment Polecat Bay Disposal Area in the Mobile District, the water
of study participants, four general guidelines for confined content of the dredged material was not hnanged, although
disposal area management were formulated. Confined dis- water was removed from the dredged material by the system
posal area management can be planned to facilitate th, It appeared that surface infiltration at the anodes and
installation of some of these systems during or immediately desiccation cracks replaced water removed by the electro
following a disposal operation. 18 references (Author ab- osmosis system. Based on the water-removal rates, the
stract modified) For a separate section of this report, see the installation of railroad rails and slotted steel pip, electrodes
following abstract, on the 6 1-meter spacing was the most efficient However. the

cost per cubic meter of water removed for this test section
was $21 20 Coke-breeze anodes and chlorine resistant
electrodes and slotted steel pipe cathodes are recommended

185 for future implementation, particularly in saltwater environ
ments. 11 references (Author abstract modified)

Concepts for confined disposal area design, operation,
and management. In: Containment area management to
promote natural dewatering of fine-grained dredged material 187
pp 23-79 October 1977. Technical Report D-77-19.

Management concepts which promote dredged material
dewatering by the natural processes of gravity drainage, An evaluation of progressive trenching as a technique
evaporation, and transpiration and which are adaptable to the for dewatering flne-grained dredged material. Michael R

incorporation of alternative dewatering techniques are pre- Palermo. Vicksburg, MS, U.S Army Engineer Waterways
sented in the form of specific guidelines for dredged material Experiment Station, Environmental Effects Laboratory. De

dewatering The first guideline is concerned with the separa- cember 1977 Miscellaneous Paper D/1-4 (N11S No AD

tion of sand and gravel from the fine material during the A052 687)
dredging operation Surface water management is the subject The results of an investigation of the effects of progressive
of the second guideline, which suggests that water be left trenching on dredged material dewatering and densifcation
ponded within the area throughout the disposal operation and are presented The study consisted of an initial field and
thereafter be removed quickly to initiate evaporation at the laboratory testing program, construction of a surface drainage
earliest time The third guideline presents concepts for system within the disposal area using a progressive trerching
optimizing evapotransprative dewatering by scheduling approach, evaluation of trenching equipment including the
dredging before hot, dry weather, by placing dredged material Riverine Utility Craft or RUC, and a field instrumentation and
in lifts not greater than 0 3m thick, and by using vegetation to monitoring program Use of the progressive trenrh,ng ap
transpire water from the dredged material Alternative dewa proach showed that cons ruction of surface drainage ;ystrms
fering techniques, for use during the rainy season or during wihi disposal areas is operatonally feasible Effectl f the

the winftr. are the subject of the fourth guideline (Author progressive trenching efforts were evaluated by monitoring
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dredged material surface elevations and dredged material
groundwater elevations within the study area. Field data 189
indicated that the surface drainage system was effective in
lowering the dredged material groundwater table. An average Description of computer program SIZE and sample
surface settlement of approximately 0.75 ft was achieved applications. In: Prediction of volumetric requirement- tor
throughout the study area. Economic evaluations indicated dredged matenal containment areas, pp 187-262, A.gust
that progressive trenching operations were economically 1978 Technical Report D-78-41

feasible with both comparatively low unit cost and favorable The purpose, organization, and capabilities of the computer

benefit/cost ratios. Appendices to the report contain: (1) site program SIZE are discussed, and the formats specified for
history and characteristics; (2) dredged material test data data input and output are described This program was

summaries; (3) observation well data; and (4) field settlement designed for applicability over a broad range of conditions,
data. 30 references. (Author abstract modified) and the results obtained from it are site-specific The initiation

of the dredging process is the starting point, the program
ends when either an equilibrium volume has been reached or
additional dredged material has been put into the site Its

ability to develop an optimized site operational scheme based
on any given dewatering technique(s) in conlunction with the

188 specified dredging schedule makes the program a valuable
design aid. Several example problems demonstrating the
method required to represent a real problem mathematically

Prediction of volumetric requirements for dredged ma- are provided as illustrations of the correct method of utilizing
terial containment areas. Myron L. Hayden. Stillwater, OK, SIZE. For an overall summary of Technical Report D-78-41.
Oklahoma State University, August 1978 Technical Report D- see abstract no. 188.
78-41 (NTIS No. AD-A062 481).

The results of a three-phase study undertaken to determine 190
the volumetric requirements of a confined disposal site filled

with fine-grained dredged material are presented. The phases Dredged material dowatering field demonstration at

consisted of: (1) evaluating previous work and formulating a Upper Polecat Say disposal area, Moblie, Alabama. T
new prediction methodology based on modified consolidation Allan Haliburton Vicksburg, MS. U.S. Army Engineer Water-
theory and standard weight-volume relationships used in ways Experiment Station, Environmental Laboratory. Decem-
geotechnical engineering. (2) developing the proposed pre- ber 1978 Technical Report D-78-59

diction methodology, and (3) correlating the volume increase This report summarizes field studies conducted at the Upper
predicted by the proposed methodology with the rate of Polecat Bay disposal area in the Mobile District to evaluate
volume increase measured under field conditions. The cre- various methods of dewatering/densitying fine grained
alion of a computer program (SIZE), based on the prediction dredi.- ' material The tests were conducted to determine
methodology developed during the study, for the purpose of thret ;actors technical feasibility, operational practicality, and

evaluating the effect of various input variables on the gain in cost effectiveness. Techniques evaluated were surface

available storage volume also was included in the final phase trenching, vacuum wellpoints (conventionally and wind pow

Verification of the methodology was provided by results ered), capillary wicks, sand slurry injection, mechanical
agitation, underdrains. electro-osmosis, and vegetation Indi-
vidual, more detailed reports exist on the surface trenching,

at the 34 4-ha Upper Polecat Bay disposal site of the U S mechanical agitation, and electro-osmosis studies Use of
Army Engineer District, Mobile. Alabama, by a testing pro- surface trenching was found to be technically feasible.
gram created during this study, and by the development of a operationally practical, and cost effective Technical feasibility

laboratory column sedimentation-consolidation procedure in of using wind powered generation systems to provide electri-
addition to the correlation of results obtained from remolded cal power at remote disposal area locations was neither
and undisturbed consolidation testing The oblective of this positively proved nor disproved However, problems encoun
study was accomplished by evaluating the interrelationship of tered during the demonstration indicate that the concept may

the different variables and their effect on the change in be operationally impractical until the state-of-the-art of the

potential storage volume with time Appendices to this report equipment is improved Dewatering with conventionally pow

contain (1) the proposed procedure to be used in laboratory ered vacuum wellpoints was found to be technically feasible
testing for the SIZE methodology. (2) the detailed procedure and operationally practical, but not cost effective when

ete ni compared to other alternatives Capillary wicks were not
for determining the consoldation characteristcs of dredged found to be technically feasible a, the amount of dewatering
material. (3) the listing of the computer program SIZE. (4) produced was minimal Use of sand slurry to hydraulically

specific flowcharts for SIZE, and (5) output from computer fracture fine grained dredged material and produce internal
analysis of example problems 38 references (Author ab. drainage layers was found to be technically feasible and
stract modified) For a description of size, see the following operationally practical Because of the small scale of the
abstract study. cost effectiveness could not be. properly assessed
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Periodic mechanical agitation and mixing of the upper crust dewatered; (2) the cost of dike raising with the dewatered fine-
with underlying subcrust was found to accelerate the rate of grained dredged material was less than estimated for use of
dredged material surface subsidence, and thus the procedure offsite borrow even though the demonstration site had good
was technically feasible, as well as cost effective. However, haul access; and (3) the three different methods evaluated for
the procedure is effective in only the upper few inches of the dewatered dredged material borrow removal and the three
material and, until equipment can be developed to mix the methods evaluated for perimeter dike raising all were found to
material at depth, the procedure was rated operationally be technically feasible and operationally practical It is
impractical. Use of underdrains, including gravity and vacu- recommended that Corps of Engineers field elements and
urn-assisted underdrainage, and gravity and vacuum-assisted other interested agencies seriously consider using dewatered
seepage column consolidation was found to be technically fine-grained dredged material for large-scale perimeter dike-
feasible, operationally practical, and cost effective. The raising activities, following the construction procedures de-
technical feasibility of using electro-osmosis was neither scribed and evaluated in this report. 8 references (Author
positively established nor refuted, but results suggest that abstract modified)
unless the system is installed prior to disposal, and fresh
water dredged material is dewatered, dewatering will be
technically ineffective, operationally impractical, and not cost
effective. Attempts to artificially establish vegetation for dewa-
tering purposes were unsuccessful and no definitive informa- 192
lion could be gained On this technique. Based on the results of
the demonstration, improved surface drainage techniques are
recommended to promote dredged material dewatering and Regional landfill and construction material needs in
densification These concepts should prove satisfactory in a terms of dredged material characteristics and evallabili-

great majority of instances and have the advantages of being ty. Richard Reikenis. Victor Elias. Edwin F Drabkowski

fairly simple in concept and low in cost. The procedure can be Towson. MD, Green Associates, Inc. May 1974 Contract
augmented by underdrains. Other techniques would have Report D-74-2 (NTIS No. AD- 780 750)
extremely limited application. Four aopendices are attached.
A Initial Site Foundation Investigation and Laboratory Test Present and potential landfill needs and construction material
Data, B. Linear Shrinkage Test Method and Data for Dredged needs within 100 miles of major dredging activities were
Material, C. Site Dredged Material Laboratory Test Data, and evaluated in five coastal regions Gulf States, South Atlantic.
D. Test Data from Vacuum Wellpoint Demonstration. North Atlantic, Great Lakes, and Pacific Coast Matrix analysis

was employed to evaluate existing, projected, and potential
landfills and also to provide quantitative assessments of
demand for dredged materials Much of the information on
which the report is based was collected from contacts with
knowledgeable groups in the different regions and from
interviews with Corps of Engineers district offices Appendices

Disposal Area Reuse to the report reproduce: (1) se,,ted answers to letters of

inquiry (2) memoranda of Corps of Engineers district visits.
191 (3) selected memoranda of telephone contacts; and (4) an

econometric site evaluation model. 138-item bibliography For

Perimeter dike raising with dewatered fia separate section of this report, see the following abstract

dredged material at Upper Polecat Bay Dispoeal Area,
Mobile, Alabama. IT. Allan Haliburton, 'Jack Fowler, 2

J
Patrick Langan 'Vicksburg, MS, U.S Army Engineer Water-
ways Experiment Station, Environmental Laboratory, 2Mobile. 193
AL, U.S. Army Engineer District, Mobile, August 1978.
Miscellaneous Paper D-78-3 (NTIS No. AD-A061 353)

Use of dewatered fine-grained dredged material for large- Availability and utillitation of dredged mteril as coo-
scale perimeter dike raising was evaluated by a cooperative atuction materil. In: Regional landll and consfruction
field demonstration between the U.S. Army Engineer District, naterml r i? terms of dredged rwttisil chracteristics
Mobile and the Dredged Material Research Program Disposal and atvailab fy, pp 167-178 May 1974 Contract Report D-

Operations Protect and Productive Uses Protect at the Upper 74-2

Polecat Bay Disposal Area, Mobile, Alabama. The report
provides data on design and construction methodology for From an analysis of statistics on the demand for sand and
cost-effective removal of the dewatered fine-grained dredged gravel for use as concrete aggregates and on the life
material and its productive use in disposal site perimeter dike expectancy of existing sources, it appears that shortages are
raising, thus completing the cycle of operations required for developing near major urban centers The possibilities and
effective confined disposal area operation and management problems of using dredged material as a replacement for
Based on the field demonstration, it was determined that. (1) sand and gravel are discussed The engineering characteris.
fine-grained dredged material of high plasticity may be used tics of dredged material also are discussed in relation to its
successfully in large-scale dredged material disposal site possible use in construction materials For an overall summa.
perimeter dike-raising activities once the material has been ry at Contract Ripor D-74-2. see abstract no 192
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gravel, draglines could be used with compartmented basins

194 and small dredges in the case of conventional basins and
floating settlers Alternatives to the use of basins for sand and
gravel separation are hydraulic scalping of the full dredge

Containment orea facility concept for dredged material flow, hydraulic scalping coupled with hydrocyclones, and
aeparation, dryilng, and rehiandlIng. Charles W Mallory, hydrocyclones alone to separate sand if the dredged material
Michael A Nawrocki Columbia, MD, Hittman Associates, Inc., is composed mainly of fines. In hydraulic separation. the
October 1974 Contract Report D-74-6 (NTIS No. AD-A002 number of required scalping and classification tanks car, be
605) reduced by the use of conventional clarifier or thickener tanks
Results are given of a study aimed at developing alternative to accomplish an initial splitting of the sand and gravel or an
dredged material confined disposal area concepts and design overall summary of Contract Report D-74-6, see abstact no
guidelines for separating, drying, or dewatering solids and 194.
removing them from the site for utilization Appendices to this
report contain (1) additional detailed data on liquid-solids
separation, (2) ASTM standards for sand and gravel, and (3)
notes on other tine-grained material drying/dewatering tech- 197
niques that have been investigated 39 references. For
separate sections of this report, see the following four
abstracts Fine-gralned material separation and handling. In: Con-

tainment area facility concepts for dredged matenal separa-

tion, drying, and rehandling, pp 112 158 October 1974
Contract Report D-74-6

195 Following a discussion of treatment of dredged slurry in
conventional containment basins or by secondary dredge

(Dredged material sanfration, sand and gravel beneftl- removal, design and requir'ments of secondary dredge and
atlion, and economic aspects of separation and r v- storage basins, including silt and clay retention basins, are
ery.] In: Containment area facility concepts for dredged examined Conditions favorable to the use of coagulants and
materalseparation, drying, andrehandling, pp 16-40. 60-81. flocculants and also inclined tube settlers are outlined I or an
169-188. October 1974. Contract Report D-74-6 overall summary of Contract Report 0.74 6. see abstract no

Equipment and processes potentially applicable to liquid- 194

solids separation of dredged materials are discussed under
the headings: sieves and screens, settling, spiral classifiers,
coagulation and flocculation, inclined tube settlers, centrifugal
separation (hydrocyclones and swirl concentrators), filters. 198
and flotation. Facilities, equipment, and processes applicable
to dredged material separaton, drying, and rehandling, Dewatering and utilizatfon of fine-grained material. In
particularly in relation to sand and gravel recovery and fine- Containment area facility concepts for dredged matenal
grained material separation and dewatering. also are dis- separation, drying, and rehandling. pp 1'14 16H (ictotber

cussed. The design and operating characteristics of commer- 1974 Contract Report D 14 6
cially available equipment for sand and gravel beneficiation
are described This equipment includes scalping pump Drying and dewatering techrtues hat have been investigated
boxes, vibrating screens, hydraulic scalpers and classifiers, and appear promising for application to the fine grained
spiral classifiers, and conveyors for handling and dewatering traction of dredged material solids include gravity drainage
Finally, costs (1973-74 basis) of equipment and operations rehandling, surface working, vacuum pumping electroosni
applicable to separation and beneficiatlion, secondary dredg- sis. and thickening followed by vacuum filttation 1 ach Mf
ing, and hydraulic thickening are presented Based on these these techniques is described briefly. and their appicabiity to
costs. the economics of sand and gravel recovery, silt different particle sizes is considered Potential uses for the
recovery and transportation, and clay disposal are outlined dried fine-grained material as fill material. in agr(ultural
For an overall summary of Contract Report D-74-6, see applications, and in building materials are noted I or an
abstract no 194 overall summary of Contract Report D 74 fi, see abstracl no

194

196

199

Sind and gravel separation. In: Containment area facily
concepts for dredged material aeparaton, dring, and rehan. LK polic, and I nslhlntiond constraint associated
dkng. pp 82-11 October 1974 Contract Report D 74-6 wi d dill meral ttlng and land enhancement.

Design concepts for separation basins, including multi Ronald C Wakeford, Donald Macdonald Mc;lean VA Amer,
pie/compartmented basins and floating separation corrpart can Technical Assistance (,orp [X cerlhet 1914 (i)nfrair
ments, are presented To remove the -,parati %a,; and Report () '4 / (NIlI> No AD)At6 ,!.,I
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Legal constraints which limit the range of possible uses of material alone as well as in combination with other materials
dredged material, the laws and regulations controlling its sale also is examined. For an overall summary of Technical Report
or donation, and the official and public attitudes which can D-77-18. see abstract no 200
affect such actions are discussed in Section I of the report.
Section II enumerates pertinent Federal statutes, regulations,
and treaties, Lorps of Engineers regulations, and State laws
and codes. Cverage is through 1972. Procedures for 202
updating the material in this report are outlined Appendices to
this report contain: (1) key word lists used in searches; (2)
Environmental Protection Agency enforcement conferences Idtlfcatlon of aternative, power sourcee for dredged
excerpts; (3) press clippings; (4) hierarchy of laws and materil procssing operatlons. C. E Parker, D Pal. K F
regulations of the Federal and State governments; and (5) Vodraska, J. B. Ciani. Port Hueneme, CA, Naval Construction
questionnaires. Classified bibliography of 50 items. Battalion Center, Civil Engineering Laboratory, November

1977. Technical Report D-77-32 (NTIS No AD-A048 312)

A screening and selection procedure is provided for the

200 engineer designing a dredged material processing system
that allows him to decide which natural form of energy (or
combination), if any, should be chosen to power the system

Claselflcatlon and enginerling propertles of dredged The evolution, development, and energy conversion feasibility
materlil. Michael J. Bartos. Vicksburg, MS, U S. Army of wind power for driving pumps and electric generators, solar
Engineer Waterways Experiment Station. Environmental Ef- radiation for conversion to thermal and electrical energy, and
fects Laboratory, September 1977 Technical Report D-77-18 hydraulic power to drive electrical generators are discussed
(NTIS No AD-A047 768) Wind power potential for nine sites and hydraul'c power

Data on the classification and engineering characteristics of potential for nine regions are examined, and information
dredged material are presented. This information was ob- pertinent to determining the availability of solar energy under

tamed from Corps of Engineer Districts and from published given conditions is provided. Appendices include 1) wind
reports, and a program of sampling and testing of material to power analysis methodologies and conversion systems. (2)

be dredged was undertaken. The discussion of standard soil solar energy conversion processes; (3) hydraulic power
properties tests is very basic. Five soil classification systems analysis methodologies and conversion systems, (4) data and
are examined The engineering properties of 10 specimens of power potential for selected locations, and (5) information
dredged material, compacted to simulate anticipated field sources 32 references (Author abstract modified)
conditions or potential productive uses (i e , landfill, construc-
tion materials. etc.), are presented and discussed in a very
basic manner to show that dredged material is not simply the
waste product of dredging but is in fact composed of various 203
types of soil The engineering properties of dredged material
in confined disposal areas, as reported by other investigators, Feaibity study of vacu ftiratlon systems for dews-
are reviewed Appendices to the report contain: (1) a glossary tering dredged material. Bruce W Long, Dominic J Grana
of terms. (2) an explanation of sample numbers. (3) classifica- St Louis, MO, Ryckman/Edgerley/Tomlinson & Associates.
lion test data, and (4) a list of abbreviations used 31 Inc.. February 1978 Technical Report D 78-5 (NTIS No AD
references For a separate section of this report, see the A053 773)
following abstract

The feasibility of dewalering dredged material by vacuum
filtration was investigated in the laboratory using samples from
six disposal areas Penns Neck Spillway, Apalachicola Bay,

201 Mobile Bay. Toledo Harbor, Craney Island, and Browns Lake
Investigations of particle size distribution, specific resistance
to filtration (using the Buchner funnel), filter leaf studies, and

Productive use Of dredged mitrtlal: land-uti categoriles, bench scale vacuum filtration studies were conducted The
dgd sernl a flll, ad deded m el ~ samples collected were diluted to between 8 and 25 percent

constrction. In Classwdrca tin and si1*W*1Q proeties solids by weight and chemically conditioned for the various
ofdredged nmatenl, pp 101 tt13 September 1971 Techni testing procedures Seven chemical coagulants were investi
cal Report D 77 18 gated The results attained indicated that dredged material

The concept of using dredged material gainfully is reviewed from the different sites could be effecively dewatered ti 4h to
The potential for the productive use of dredged material is 60 percent solids (depending on the site) using lime dosages
discussed in terms of the dredged material properties deter of 7 to 10 percent of the solids in the sample F ield studies of
mined during this study The discussion focuses upon the a pilot plant are recommended to evaluate further the
physical and engineering properties of dredged materiel and operating parameters of vacuum filtration under actual condi

does not consder pollution status L and uses are subdivided tions Appendices present particle ize distribution data on the
into urban, environmental. economic and resource related various samples and data summaries for the Ruchner funnel
groupings Dredged material landfills constructed of slurry studies 8 references (Author abstract modified) I-or other
and of rehandled material are considered The use or dredged .ections of this report, see the following two abstracts• rolmgsDededmae 8 lndds ontr(te ,)t ur~t st~~e reeeneT (uho sstsl odfid lorote



handling anything from a single disposal site serving a single

204 dredging location to an entire dredging program involving
several dredging locations and disposal sites The methodolo-
gies identify pertinent legal, environmental, and technological

Prinpletli of vascuum filtration. In: Feasibiity study of factors that influence selection of candidate disposal sites and
vaccum filtration systems for dewatenng dredged material, determine their suitability as reuseable or nonreuseable sites
pp. 16-18. February 1978. Technical Report D-78-5. The methodology includes site design and operating recom-

Techniques for vacuum filtration of sludges resulting from mendations and a preliminary costing procedure to enable
primary and secondary sewage treatment and from process evaluation of alternative disposal options for each site and
industry operations are described, and the basic principle of cost modifications of an entire dredging program Numerous
continuous rotary vacuum filtration is illustrated in an accom- numerical examples are provided to assist in applying the
panying figure. Filter design and operating variables are procedures to a particular case. Although the report promotes
discussed in detail. Vacuum filtration of industrial wastes and reuseable disposal sites, management procedures for extend
sewage sludges is considered superior to other mechanical ing the life of nonreuseable sites of a conventil al nature also
dewatering techniques for many applications due to the are discussed in detail for those situations where reuseable
continuity of the process, the higher capture of solids, sites are inappropriate or economically unfeasible The results
efficiency in dewatering difficult biological and industrial waste of this study were used in part to develop final guidelines for
sludges, and proven cost effectiveness and performance. For selecting and designing reuseable disposal sites Appendices
an overall summary of Technical Report D-78-5. see abstract contain: (1) a comparison of possible secondary dredges, (2)
no. 203. the list of equipment suppliers contacted; and (3) develop-

ment and sources of equations used in the report 44
references. (Author abstract modified)

205

207
Economic analyae of vacuum filtration methods for
dewatering dredged material. In: Fea"sbility study of
vaccum filtration systems for dewatering dredged material, Needs and areas of potential application of Disposal
pp. 117-119. February 1978. Technical Report D-78-5 Area Reue Management (DARM). Michael R Palermo

Factors involved in the evaluation of the feasibility of vacuum Vicksburg. MS. U.S Army Engineer Waterways Experiment
filtration for dewatering dredged material are identified, with Station, Environmental Laboratory, June 1978 Technical

special emphasis placed on the importance of individual Report D-78-27 (NTIS No AD-A057 920)
disposal site cost benefit comparisons The benefits resulting Nine Corps of Engineers Districts were surveyed for needs
from the application of vacuum filtration include increasing the and areas of potential application of Disposal Area Reuse
useful life of a given site by reducing the initial volume of Management (DARM) Under this concept, disposal area, are
dredged material requiring disposal and the volume of water regarded as collection and processing sites where dredged
remaining with the dredged material in the disposal site after material is rehandled within the site or removed totally
surface material forms a crust. Costs associated with vacuum thereby increasing or restoring capacity for subsequenl
filtration of dredged material prior to disposal in a land disposal Where responsibility for providing disposa sites lies
disposal site include the installed capital investment for filter with the government. DARM is generally viewed as a vable
and associated equipment, as well as operation and mainte alternative to acquisition of additional sites if technical con
nance expenses The cost of a vacuum filter installation at the straints ran be resolved and economic feasihility can tie

Lower Polecat Bay disposal area is discussed, based on a determined it was found that critical shortaqe-, of iiiiirii1

dredging rate of 25.000 cubic yards per day This illustration disposal capacity now exist in many areas thriughiiil tlii
shows that although vacuum filtration may be technically country However, )istricts are generally relii(lail to re ir,

feasible, this approach to treatment should not be selected sites through DARM in cases where provsiosn of ds l i a ",le-.

until economic feasibility is established on a case-by case ,s is viewed as the sole responsibility of the (cai si'5lio.i tip
basis For an overall summary of Technical Relxo.C D 78 5 technical feasibility of full scale applcaior t t)ARM s
see abstract no 203 demonstrated by the success of onuoing programrs in the,

Philadelphia and Sacramento Dtstric . r .,'-i vredo-rrinarlt
iv coarse grained material in a ready ti use rrnditui ,n 27

_________-- -- . retrtOr.es tiAuthor abstract modified) f of a ,eparate !,(liin
206 rif this rec, pp the fri!lowing atusfrac

Devn open of procedures form eale0 - and delnn
reuslle dredged material disposal gaft Thomas I .
Raster, Harbinder S Gill. David C Steuernagel David J ")R

Lipiro Buffalo. NY. Acres American Inc. June 1978 tpr-hni

cal Report D. 78-22 (NTIS No AD A058 422) P appNc~ of DAR. In Needs and areas of
A logical step-by step methodology for sitC selection and potert al aftiorf of Disposal Are* Reue Maragement
design is presented The method provides the capabitty t or (DARO). Pp ' 0) 38 June 1479 Technical tepxl Ii 44i
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Factors affecting the potential large-scale implementation of ment must be tailored to meet requirements for continued
Disposal Area Reuse Management (DARM) are discussed reuse Research completed to date has identified methods of
Large-scale implementation of DARM programs may relieve separating, drying, and rehandling dredged material, legal
shortages of disposal area capacity in selected areas, thereby and policy constraints regarding marketing and disposition of
reducing or delaying requirements for acquisition of additional the material, and potential use of dredged material for landfill
lands for disposal areas. The degree of potential application and construction purposes The feasibility of site reuse as
available is dependent upon: (1) evaluation of DARM alterna- established through completed and ongoing research must be
tives in planning and design of confined disposal areas; (2) established by field studies which are currently being initiated
expansion of ongoing DARM programs; (3) solution of Ultimate widespread use of reusable disposal areas will
technical constraints through ongoing research; (4) identifica- depend upon future constraints placed on conventional
tion of suitable markets and/or uses for dredged material disposal methods and upon economic and environmental
products; and (5) specific changes in present policy toward considerations
dredged material disposal and disposal area ownership. For
an overall summary of Technical Report D-78-27. see abstract
no 207

210

209 First ateps toward achleving dieposat area reuse. Ray
mond L Montgomery. Michael R Palermo Vicksburg, MS.
U S Army Engineer Waterways Experiment Station, Environ

A new concept for dredged material disposal. Michael R. mental Effects Laboratory, April 1916 Miscellaneous Paper D
Palermo, Raymond L Montgomery Vicksburg, MS, U.S 76-16
Army Engineer Waterways Experiment Station. Environmental The objectives of research on disposal area reuse are simply
Effects Laboratory, February 1976. Miscellaneous Paper D- to develop procedures for maintaining a dredged material
76-15. disposal area for an indefinite period while providing environ-

Acquisition of suitable land for confined disposal of dredged mentally acceptable disposal operations The reusable
material has become increasingly difficult due to rising cost dredged material disposal area is a collection and processing
and public objection to land use for this purpose. This site where valuable portions of the dredged material are made
problem could be minimized if the useful life of disposal areas available for productive use while unusable material is, if
could be extended, allowing reuse over longer periods. The necessary, treated and disposed of Methods and procedures
concept of disposal site reuse involves the reduction in must provide for continuous or periodic removal of dredged
volume and/or actual removal of dredged material from the material for use or storage elsewhere in order to increase the
disposal area for use elsewhere, thereby allowing additional life expectancy of the facility In the Mobile Bay area, plans for
placement of dredged material at the site. Multiple advantages expansion of disposal areas have been abandoned in some
can be realized through site reuse. (1) a permanent reusable cases because of oblections from local residents and environ
site would be provided for the maintenance dredging at a mental constraints Thus, the need for maximizing the useful
centralized location, (2) operation of reusable sites would be life of existing sites in this area is pressir I This paper
environmentally compatible because facilities could be prop- presents results from a field study in the Mobile Bay area
erly planned and engineered, greater control is possible and outlining the first steps taken toward the development of a
site operation is better supervised. (3) valuable resources reusable disposal area Plans and concepts are discussed
could be reclaimed from the dredging operation and donated regarding the long range planning required to maintain use of
or sold for productive use and (4) expense and public sites for indefinite periods This paper does not present a
objection to new disposal areas would be greatly reduced due panacea for dredged material disposal problems because it is
to reduction in excessive land-use requirements For site not available now nor will it be in the future Each reusable
reuse to be successful, the material must be in a usable disposal area will have to be developed based on its own

condition, potential uses must be identified, and site manage- needs and local environment
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CHAPTER 7: EFFECTS OF MARSH AND TERRESTRIAL DISPOSAL

smothering experimental and control areas; (3) the analysis of
211 variance for biomass and culm density in marsh smothering

enclosures; and (4) marsh smothering plant invasion 2 X 2
frequency tables 26 references (Author abstract modified)

Spoi disposal on marshland. In: Disposal of dredge spoil:
problem identification and assessment and research pro-
gram development, pp 72-75 November 1972 Technical
Report H-72-8 213

Since marsh zones are valuable components of the estuarine
ecosystem, Federal. State and local conservation agencies
are restricting spoil disposal on marshland Methods of Environmental Impact of dredling and dilspoal on the
minimizing the detrimental effects of marsh disposal are Upper Mlslalppl River at Crosby Slough. John W Held
discussed For an overall summary of Technical Report H- 72- La Crosse. WI. University of Wisconsin. River Studies Center,
8, see abstract no 22 August 1978 Miscellaneous Paper D-78-2 (NTIS No AD-

A061 847)

A study designed to assess the environmental impact associ-
ated with land disposal of sandy material on the aquatic

212 habitat around Island 117, located in Navigation Pool 8, Upper
Mississippi River is described The study was conducted

The effects of smothering a asfanlflorn *@It during the period June 1974 to June 1975 Various biological,

marsh with dredged material. Robert J Reimold, Michael physical, and chemical variables were measured before.
A Hardisky, Patrick C Adams Brunswick, CA, University of during, and after the discharge of dredged material DisposalGeorgia, Marine Extension Service, July 1978 Technical activity at Island 117 during 1974 produced no measurable
Geor Marine8 EteNson Service, Jy 1effects on these variables Changes recorded in benthos

biomass were due to natural production phenomena rather

The impact of smothering short form Spartina alterniflora in than to the effects of deposition of dredged material A
Glynn County, Georgia, with three types of dredged material general increase in mean particle size of sediments at the 50
(coarse sand, sand and clay mixed, and clay), at six depths sample sites was noted from early to late summer, but the
(8. 15. 23, 30, 61, and 91 cm), and at different stages of plant trend was not consistent, and these changes were probably
growth (February, July, and November) was examined due to natural sedimentation phenomena If 1974 disposal
Corrugated metal pipes (0.9-m diam) were sunk into the activities affected water quality in the study area, these effects
marsh and used as containers for dredged material The were masked by the natural background variation in the
impact of disposal -.ds evaluated over two growing seasons variables examined Turbidity and nitrite-nitrogen, which were
Plant and macro nvertebrate (crabs and snails) response, increased by dredged material disposal in 1973, were not
plant performance (biomass), dredged materia! chemistry, significantly altered during 1974 The Appendix presents the
and plant invasion of experimental enclosures are discussed raw data obtainee from the study 13 references (Author
Spartina alterniflora was able to penetrate up to 23 cm of each abstract modified)
type of dredged material and exhbited biological growth and
production nearly equal to that in undisturbed marsh These
depths, within the elevation range of the marsh. indicate that
accurate tida, and elevational data should be collected before 214
disposal on a marsh and 'hat deposition should not exceed
the elevatinna limit of the existing marsh While smothering
operations can offer an alte. native to disposal, the technique A survey of po t tIal medical and veterinary, disese at
cannot be considereJ proven and must be approached with habitat developrtn field sitfea John W Simmers
care Appendices to this report contain (1) the analysis of Vksburg Mt,. 1), Army Ingineer Waterways Experiment
variance for marsh smothering enclosure and coontrol areas ',tation f rivironmerital ! aboratory July 1978 Miscellaneous
(2) a graphic representation of dependent vartables for marsh taper 1) 18 1 (NTI, No Al AUfI 1R41)
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A three-phase literature survey of selected potential medical urn, each at a concentration of 0.0, 0.5, and 1.Oppm The
and veterinary diseases at the Miller Sands Marsh and Upland findings indicate that Cyperus esculentus, Sparlina patens,
Habitat Development Site (Columbia River, Oregon), the Distichis spicata, and Spartina alternif/ora appear to have
Bolivar Peninsula Marsh and Upland Habitat Development more potential than other marsh plants studied in taking up
Site (Galveston Bay, Texas), and the Windmill Point Marsh zinc, cadmium, and nickel. Lead and chromium accumulated
Development Site (James River, Virginia) is described. The in the roots of all species with very little translocation into plant
first phase involved the listing of animal species (both fish and tops. In many aspects the obtained data present a worst case
wildlife) associated with the particular habitat development situation, and they should be interpreted accordingly The
sites. The second phase identified known diseases of human chemical data used to prepare figures in the main text are
or veterinary importance potentiaily associated with each included in the appendix to the report. 16 references (Author
animal on the list and the role that the animal plays in the abstract modified)
transmission of the disease. The third phase served to define
the actual localized and Statewide occurrence of the diseases
listed. The results of the survey are presented in three tables
according to the following column headings: host; vector or 217
intermediate host; disease; role of host in disease; pathogen;
hosts of economic significance; human infections per year;
average for State; likelihood of occurrence; and appended Trace and toxic metal uptake by r h plants 
notes. 14.item bibliography, affected by Eh, pH, an sallnity. R. P. Gambrell, V. R.

Collard, C. N Reddy, W. H. Patrick, Jr. Baton Rouge, LA,

Louisiana State University, Center for Wetland Resources,
December 1977. Technical Report D-77-40 (NTIS No AD.

215 A050 914).
The effect of substrate physical and chemical conditions on

the uptake of trace and toxic metals by marsh plants was
Mineret cyctlitg In salt marsh-estuarline ecosystems. studied under greenhouse and laboratory conditions. Reason-
Ecoeystem structure, function, and general compolr- ably successful methods were developed for growing marsh
meintal model desc r bing mineral cycles. Douglas Gunni- plants in the experimental systems. The successful methods
son. Vicksburg, MS. U.S. Army Engineer Waterways Experi- as well as procedures which were not successful are
ment Station, Environmental Effects Laboratory, January discussed, along with techniques for overcoming experimen-
1978. Technical Report D-78-3 (NTIS No. AD-A052 737). tal difficulties Based on the results of this research, it is

A nutrient and heavy metal cycling study of marsh-estuarine concluded that pH, salinity, and redox potential do affect the
ecosystems was undertaken. A resulting compartmental plant availability of trace and potentially toxic metals It is
model outlining pathways of mineral cycling within the marsh- recommended that these physicochemical properties be
estuarine ecosystem is described. Approaches used in the considered in selecting environmentally sound disposal meth-
study included literature surveys and discussions with authori- ods for contaminated dredged sediments. Management prac
ties in marsh-estuarine ecology Nutrient and heavy metal tices to reduce metal availability of certain trace metals
cycles within the marsh-estuarine ecoysystem are discussed subsequent to disposal of contaminated dredged material
Carbon. nitrogen, phosphorus, sulfur, and selected heavy appear feasible 75 references. (Author abstract modified)
metals are included. Information from allied research fields
was used to supplement direct information sources. The
appendix contains summary tables for the general model of
the marsh-estuarine ecosystem 259 references (Author 218
abstract modified)

Predictton of heavy metal uptake by marsh plants based
on chemical extactil of heavy metals from dredg

216 Material. Charles R Lee, Richard M Smart, Thomas C
Sturgis, Robert N Gordon, Mary C Landin Vicksburg, MS.
U S Army Engineer Waterways Experiment Station, Environ-

A hydroponic study of heavy metal uptake by selected mental Effects Laboralory, February 1978 Technical Report
mal pll seee FInal ieport. Charles R Lee. Thomas D-78-6 (NTIS No AD-A054 129)
C Sturgis, Mary C Landin Vicksburg. MS. U S Army A field and laboratory study investigated the extent of heavy
Engineer Waterways Experiment Station, Environmental Fi metal absorption and uptake by salt marsh plant species from
facts Laboratory, June 1976 Technical Report D-76-5 (NTIS dredged material and examined techniques of -,emical
No AD-A033 224) extraction of heavy metals to predict the concentration of

An experimental greenhouse study of heavy metal uptake by these metals in marsh plants subsequently grown on the
eight marsh plants is reported Gyperus esculentus. Scirpus dredged material I xtensive field sampling of marsh plants
validus, Spartna patens. Scirpus robustus, Disfichhs spicafa. and dredged material from (orps of Engineers disposal sites
Triglochin maritime. Spartina aternfflora. aind Spartina fol sa was conducted along the f-ast and Gulf Coasts of the Unded
were grown in chemically controlled hydroponic solutions States Marsh plant species included Spatins alfterniflora
containing three concentrations of heavy metals The heavy Sparina patens and [)istichli sp'cata Four procedures for

metals studied were zinc, cadmium, nickel, lead, and chromi extracting heavy metals from soil were evaluated including
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water soluble. ammonium acetate exchangeble. dilute ae d A field method designed to evaluate the potential for contami-
extractable, and DTPA extractable samples. DTPA extraction nant uptake by marsh plants growing on dredged material
of heavy metals gave the best correlations with actual heavy was developed. Techniques were field tested in Georgia and
meta concentrations in marsh plants. The other procedures Oregon marshes. indigenous marsh plants were grown on
were limited to one or two heavy metals and only one of the
three marsh plant species studied. Results indicate that three types of contaminated dredged material and were
uptake of zinc, copper, cadmium, and to some extent lead compared with control plants grown on native soils. Distichlis

and chromium can be predicted using a DTPA extraction spicata, Salicornia virginica, Spartina alterniflora, and Spart-
procedure. Prediction of plant uptake of nickel or mercury was na patenswere used for study in Georgia, and Deschampsia
not possible in this study. Appendices present prediction cespitosa. Distichlis spicata. Carex lyngbyei, and Salcormia
equation and verification data on the contents of heavy metals virginica, in Oregon. Although uptake of contaminants by
in plant and dredged material samples. 48 references. (Author marsh plants was not demonstrated definitively, the bioassayabstract modified) mrhpat a o eosrtddfntvltebcsa

experiment test appears to be an efficient and relatively

inexpensive technique for identifying potential problems con-
cerning contaminant uptake by marsh plants prior to dredged
material disposal. Certain procedural refinements are neces-

219 sary before this method will be ready for general field

application. 20 references. (Author abstract modified)
Field bioassay fast for detecting con taminant uptake

frnFig mataIst by awsh l ants. Paul L. Wolf, John
L. Gallagher, Carlos H. Pennington. Sapelo Island, GA,
University of Georgia Marine Institute, December 1978.
Miscellaneous Paper D-78-6 (NTIS No. AD-A066 802).
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CHAPTER 8: HABITAT CREATION AND DEVELOPMENT

Aquatic Habitat Development
erosion, sedimentation, variations in water quality, and heavy

220 surf. Seagrass propagation on dredged material has promise,
but recommendations are made for further field studies

Searasa literature survey. Joseph C. Zieman, Kent W. Photographs of shoal grass transplants are appended 20

Bridges, C. Peter McRoy. Charlottesville, VA, University of references. (Author abstract modified)
Virginia, Department of Environmental Sciences, January
1978. Technical Report D-78-4 (NTIS No. AD-A054 480).

Published literature and unpublished documents up to mid-
1977 pertaining to seagrasses are listed. There are more than
1,500 entries. Broad scientific subject areas that relate to
seagrasses, such as anatomy, ecology, morphology, taxono-
my, and physiology, are considered together with more
specific factors, such as substrate selectivity, water quality, Marsh Development
productivity, colonization, effect of physical energy (waves,
tidal currents, sediment transport), propagation, and tolerance 222
to disturbance. The bibliography is divided into two main
reference sections consisting of a bibliographic citations
section and a keyword index section, The appendices consist Underground blomass dynamics and substrate selectve
of two supplementary reference sections--an author index properties of Atiantt coastal salt marsh plants. John L
section and a source index section. (Author abstract modified) Gallagher, F Gerald Plumley, Paul L Wolf Sapelo Island, GA.

The University of Georgia Marine Institute, December 1977
Technical Report D-77-28 (NTIS No AD-A055 761)

221
Work on the dynamics of the underground portion of salt

Habitat developme ft Investlgtions Port 9L Joe marsh species in Maine, Delaware, and Georgia, the charac
Seagrass Demostralon Se, Port St. Joe, Flori. terization of marsh soils, and experiments on the substrate
Summar report 'Ronald C. Phillips, 2Mary K. Vincent, selective properties of several of the species are summarized2Robert T. Huffman. 'Seattle, WA, Seattle Pacific College; The species studied included. Bomchia frutescens, Carex
2Vicksburg. MS. U.S. Army Engineer Waterways Experiment pa/eacea, Distichlis spicaa, Eleocharis obtusa, Juncus gerar.
Station, Environmental Laboratory, July 1978. Technical Re- di, Juncus roemenanus, Phragmifes communis, Salicornia
port D-78-33 (NTIS No AD-A058 733). virgimnca, Spartina alterniflora, Spartina bakeri, Spartna cyno-
To investigate the feasibility of propagating seagrass on suroides. Spartina patens, and Sporobolus virginicus Chap-
dredged material, transplants of shoal grass (Halodule ters contain information on: (1) underground biomass profiles
wrightfi) were made at Port St. Joe, Florida. Using the plug and dynamics; (2) comparison of tidal marsh soils, (3)
technique, two sizes of plugs were removed from a natural response of plants to an impulse of ammonium nitrate. (4)
meadow and planted on subaquatic, unconfined coarse- plant growth on three types of dredged material and (5) a
grained dredged material at three different spacing intervals. bioassay approach to studying plant growth Methodologies
Shoal grass was chosen for its suitability to local substrate that can be used to determine which marsh plants will be likely
conditions and because of its tolerance to environmental
extremes. Many of the transplants demonstrated a significant t ar is n dredged material a ndwhena
amount of growth before the project failed nearly 13 months marsh established on dredged material approaches natural
after planting. Best growth was obtained with 375-cm2 plugs conditions are described. The report provides recommends-
planted on 0.9-m centers. The reason for the project failure is tions on the use of dredged material and plant species and
not known, but it is hypothesized that the factors involved emphasizes the advisability of a field bioass&y prior to
included stresses from an unusually cold winter, exposure, dredging 25 references
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Primary productivity of minor marsh plants in Delaware, Common marsh plant species of the Gulf Coast area.
Georia, and Maine. Robert J. Reimold, RA, Linthurst. Volume I1: Growth dynamics. J. G. Gosselink, C. S.
Brunswick. GA, University of Georgia, Marine Extension Hopkinson, Jr., R. T. Parrondo. Baton Rouge, LA, Louisiana
Service, November 1977. Technical Report D-77-36 (NTIS State University, December 1977. Technical Report D-77-44
No. AD-A051 164). (NTIS No. AD-A052 095).
The importance of common species of salt marsh plants
inhabiting wetlands in Maine, Delaware, and Georgia is The growth dynamics of common Gulf Coast salt marsh

summarized. An evaluation of the ecologic significance of the species under conditions of stress are examined. Special

plants is based upon plant density. biomass, detrital flux, emphasis is placed on the substrate selective qualities and

mortality, and comparisons of techniques for measuring adaptation mechanism of Spartina alterniffora. Techniques

productivity. The data are important in reaching decisions used in the investigation include: field studies, mineral

relative to the deposition of dredged material in these coastal analyses, greenhouse and laboratory studies, and in situ

wetland systems. Appendices contain: (1) monthly climatolog- studies of photosynthesis. The large variations in growth of S.
ical data; (2) tidal data; (3) monthly mean values for living Alternifora are discussed in terms of: (1) geography as related

aerial biomass, dead aerial biomass, live-to-dead ratios, living to edaphic parameters; (2) salinity and flooding; and (3) the

stem densities, and individual living stem weights for the role of light and temperature in marsh plant photosynthesis

angiosperms sampled; and (4) a summary of the instants- Findings are compared with other research reports concern-
neous rate of detritus flux, amount of material disappearin], ing S. alterniflora. The results are integrated into a general

estimated net aerial primary production, and estimated mortal- conceptual model which has application to the development
ity for the angiosperms sampled. 118 references. (Author of marshes on dredged material. A general model is formulat-
atfrth aopers sed in terms of three key growth parameters and two control

loops which normally stabilize a marsh and determine its
s zcess. The critical parameters are salinity, limiting nutrients,
and the degree of chemical reduction (Eh) of the soil The two

224 control loops, which interact through marsh vegetation
growth, can be called the marsh elevation loop and the
sediment Eh loop. A conceptual scheme of these relationships

Common marsh plant species of the Guff Coast area. is provided. Appendices discuss: (1) spatial variation in peak
Volume I: productivity. J. G. Gosselink, C S. Hopkinson, biomass; (2) soil and tissue nutrients; (3) influence of iron
Jr., R. T. Parrondo. Baton Rouge, LA, Louisiana State source and concentration; (4) tissue and mineral analysis; (5)
University, December 1977. Technical Report D-77-44 (NTIS salinity and sediment drainage effects: (6) effect of salinity on
No. AD-A052 094). rate of rubidium absorption: and (7) light and temperature
The results of a study of the net annual aerial primary responses. 25 references
productivity of seven marsh plants common to the Louisiana
coastal marshes are presented. The Wiegert-Evans harvest
technique was used to measure productivity over a 2-year
period. Phenometric and gasometric techniques also were
evaluated. Productivity was found to be related to the growth
habit and turnover rate. Spardina patens, Juncus roemenanus,
and Distichlis spicata were found to be more productive than Modeling of ecological succession and production In
Sparfina alterniflora, a species that was known to be highly estuarine marshes. Joseph C. Zieman, William E. Odum
productive. Productivity was higher in the fresh and brackish Charlottesville, VA, University of Virginia, Department of
marsh species than in the salt marsh species and was higher Environmental Sciences, November 1977. Technical Report
for species that grow throughout the winter than for those that D-77-35 (NTIS No. AD-A051 929).
die to the ground in late fall. The study showed that peak
standing crop seriously underestimates production in Gulf The results of an investigation of factors influencing plant
Coast marshes and that the Wiegert-Evans harvest technique zonation and succession on salt marshes are presented
is the most realistic method presently available. This tech- Three parallel studies were conducted, with the development
nique includes an estimate of mortality in addition to live of a simulation model of plant growth and succession on a salt
biomass changes and so gives the closest estimate of true net marsh being the ultimate objective. The first component was
aboveground production. The study also showed that pheno- concerned with determining the biotic and chemical parame
metric methods have potential to be developed as reliable, ters present at a series of marshes. The second component
nondestructive, estimating techniques Appendices to the involved obtaining continuous records of several physical and
report discuss: (1) the determination of the productivity of the chemical parameters within several vegetation zones The
seven plant species using harvest techniques; (2) production third component was the development of the simulation
of six species as determined by phenometric analysis; and (3) model Appendices to this report contain: (1) the continuous
productilvty of a Spnrtna marsh community as determined by monitoring system employed (2) model user information, and
gasometrlc analysis. 20 references (Author abstract modi- (3) a list of survey sites 79 references For a separate section
fled) Volume II is abstracted below of the report, see the following abstract
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Marsh succession model. In: Modeling of ecological suc- Guidelines for material placement In marsh creation.
cesion and production in sfuannemarshes, pp. 113-151. Final report. Lynn E. Johnson, William V. McGuinness, Jr.
November 1977. Technical Report D-77-35. Hartford, CT, The Center for the Environment & Man, Inc.,

A simulation model of plant growth and succession on salt April 1975. Contract Report D-75-2 (NTIS No. AD-010 725).

marshes is described. The model was created by identifying
the biotic and physical factors which control plant growth and
by measuring these factors under field conditions. It was A set of seven procedural guidelines is presented for creating
driven by solar radiation, temperature, soil salinity, and tidal new marshes from dredged material under a variety of
inundation. It shows plant growth to be controlled mainly by situations and constraints. The guidelines are as follows: (1)
tidal inundation, with influences felt from radiation and determine if marsh creation warrants significant consideration,
temperature but little influence felt from salinity. The model (2) define the dredging situation and determine the most likely
appears to hold great promise for future use but is presently types of marshes, (3) make preliminary comparison with other
limited in its application by incomplete parameterizations. For disposal alternatives, (4) refine basic properties, (5) focus on
an overall summary of Technical Report D-77-35, see abstract special characteristics, (6) recommend the best disposal
no. 226. alternative, and (7) design and construct the new marsh. New

marshes are classified based upon dredging frequency,
confinement requirements, and surcharging requirements.
The report presents the important aspects of the physical

228 environment, dredging operations, and engineering properties
of dredged material as related to marsh creation, then

State-of-the-art survey and evaluation of marsh plant incorporates these aspects into the guidelines. Appendices to

establlshment techniques: Induced and natural. Volume the report contain: (1) site visit summaries; (2) weight and
I: Report of research. John A. Kadlec, W. Alan Wentz. Ann volume balance relations used in dredging; (3) a probability

Arbor. Ml, University of Michigan, School of Natural Re- analysis of the likelihood of each type of marsh analysis; (4)

sources, December 1974. Contract Report D-74-9 (NTIS No. examples of guideline applications; and (5) examples of
AD-A0 12 837). containment area layout, construction, incremental till place-

ment, and drainage. 85 references.
The available information on the establishment of marsh and
aquatic plants on sites created by dredging activity is
reviewed. Geographic range, physicochemical habitat, salinity
tolerance, and life form are discussed for a broad range of
species. Ecotypic and ecophenic variation and modes of
natural propagation are discussed for selected species. 231
Aspects of propagation by man, including collection, storage,
shipping, and planting of propagules, are presented. Key
wildlife food plants are identified from the literature. Append- Identification of relevant criteria and survey of potential
ices contain: (1) names of serial publications reviewed, (2) a application sites for artificial habitat creation. Volume I:
list of correspondents, and (3) selected references on natural- Relevant criteria for marsh-Island site selection and their
ized and introduced aquatic and marsh angiosperms in North application. Wilmington, NC, Coastal Zone Resources Corp.,
America. 418 references. Volume Il is abstracted below. October 1976. Contract Report D-76-2 (NTIS No AD-A033

525)

229 In the first volume of a report which develops a process for the
selection of areas appropriate for marsh construction using
dredged material, the biophysical and socioeconomic infor-

Sbtt-Wlhe survey and evaluation of marsh plant mation needed to evaluate potential marsh creation sites is
establishment techinkues Induced and natural. Volume described, and the rationale underlying the emphasis on these
IP A seiecd annotated blIography on quftic and data is presented A two-scaled approach to analyzing the
marsh IInts and their management W. Alan Wentz, information base typically available to the Engineer District is
Rachel L. Smith, John A. Kadlec. Ann Arbor, MI, University of detailed The first, a reconnassance-scale evaluation com-
Michigan, School of Natural Resources, December 1974 bines intuitive judgment and available data A more rigorous
Contract Report D-74-9 (NrlS No. AD-A 12 837), application of criteria is presented for the second, detailed-

An annotated bibliography on aquatic and marsh plants and scale evaluation Specific kinds of potential problems and
their management is provided. The volume concentrates on theoretical approaches to their solution are also discussed
coastal. Great Lakes, and riverine marshes 703 references 130 references (Author abstract)
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___________________________________________ exhibit reasonable stabilities in the absence of vegetative

232 cover Surface elevations must be carefully considered in the
design and planning of a project and tied in with the various
zones of marsh types existing in the region Considerations

Ideintiflication of relevant criteria and survey of potential and actions to be included iri mnarsh establishmenrt at a given
application sites for artificil habitat creation. Volume I1: site are listed, and marshscape architecture, maintenance,
Survey of potential application situations and selection and management are discussed Ail aspects of marsh
and description of optimum project areas. Wilmington, establishment must be an integral part of the design and
NC, Coastal Zone Reeources Corp., October 1976. Con- planning of the total project. Information was identified
tract Report D-76-2 (NTIS No. A0-A033 525). through a literature review. interviews, and by distributing
In the second volume of a report which develops a process for information request forms Appendices to the report contain
the selection of areas appropriate for artificial marsh construc- (t) the list of correspondents and (2) the marsh creation
tion using dredged material, the selection rationale presented research information request 44 references
in Volume I is tested by the choice and description of 50 prime
candidate project areas, 10 within each of five major coastal
geographic regions. From this compilation, 10 optimum ___________________

project areas, two in each geographic region, are selected 235
and described further using data gathered in the project areas
and from relevant Engineer Districts. The Appendix presents-________________
the form letter used in the mail survey. 94 references. (Author Establishment ;id growth of selected freshwater and
abstract) coastal marsh plants In relation to characteristics of

dredged sedtments. Ftnal report. John W tBarko, Richard
M Smart, Charles R Lee. Mary C. L andin, I homas C Sturgis.
Robert N Gjordon Vicksburg. MS. U S Army Engineer

233Waterways I periment Station [- nvironmental LIfects Labora-
23tory, March 1917 Technical Report (- . NIIS No AD.
________________________________________ A039 4951

Design concepts for In-water containment structures for The success of establishment and the growth of marsh plants
marsh habitat development. James W. Eckert, Michael I. on physically and cheicaly different dredged sediments
Giles, Gerald M. Smith. Fort Belvoir, VA, U.S. Army Coastal were investigated undir ;emtcor.1rolted conditions in a green.
Engineering Research Center, July 1978. Technical Report D. house F reshwatier brackish and sait marsh environments
78.31 (NTIS No. AD-A058 732). were siulited for i os .rirrt i per m-enlation, with variis

General guidance for structure selection and development of propagiles of lifiererit spi, is rowh ot ndividual marsn
structure design and construction concepts for use in habitat plant spec ies was deleeur ie',I ,ri the LiaI,. (if Steni density
devetopment is provided. Various types of structure--i are and total plait bii 1155 3-,,wt ,!' nIrshwati" plants, affected

reviewed based on the available literature Steps to be by the avaiilaility (if nttn uqvi w,, -l v.,aity greatrr) ine

followed in selecting an in-water confined disposal structure textured seirnfon PIts thXe 1 u t , Wt'' )ft blfl tin( kCsh and
are enumerated, and case histories of struc!tjres in use are salt rtnrsh pln.wa. 'd' ir if Ir ti( iutitr ivalabli

presented. An accompanying table lists krnown projects. their ty aid was ,jfhielted ri, , t !he ,,!y , l Pt edimenl
location, and their structural type. Structure selection prob- solti i, v Witiw inhi l~ ., .1 ,,wlhn tr vo)Sliants'
lems also are examined. Appendices to this report contain (t) produc~ed pian!i lii,,Iat ,1, r t.,ti timnifass id
cost data and (2) structure data sheets 27 references nu~mb~er of stern. i,wi , Iti, v- , .1 ri- i) pln 1,paquies
(Author abstract modified) 131hizornis rootsti s i n.. wi, s- a,iy 10 I uto

a lesser extent, In srtimeI t (i), s tianitrarispiant
propagules of the same st i il inn orirt,I ions rnelevant

_______________________________________________to nrarsh creatiori lrolistis aft in I If )f! ![I . t- tiP-s1, (I result of

234 this Investigatiin iea weli & -an-vv w -f I rin, -tnin fit 'ature
36 referencirsa;ri ntiil i I Ini, Aijiim absrae t)

Recent and planned marsh establishment work through-
out the contiguous United States-& survey and basic
gullnee E. W. Garbrsch, Jr St. Michaels, MD. l-rtviron- 23

mental Concern, Inc., April 1977 Contract Report D)-71-3
(NTIS No. AD-A041 464) .. . .

Practicat guidelines for marsh site preparation, marsh estab Pregerminatlon requirements and establishmellnt tech-
lishment, and site management and maintenance, developed niques for salt marsh plants. P at K I alco. Irank J1 t di
on the basis ot intormation received on deliberate marsfi Vicksbiurg. MS. JI S Arnnly I rrgineer Waterways f speriment
establishment work planned, underway, or completed Stlaton f nrivronmerita f fects [ ahoratory, Septembier 1977
throughout the contiguous United States within the period tMisellaneouis Piaper IIl I JNIS, No At) A04i)! 1i4)

1970.1976, are discussed Surface slopes and surface A state of the art r eview o f tdt~i prtinrint to tiregir linatin
elevations are discussed as the two most impoirtant faictiois rely ,rerrerrts if ;al rire~ pitlarit rsieds ant thne procedures
found for preparing a site for marsh establishmenrt Within tfir uisei foir rniars!h rnstabls hrnnt ,I to Aprit 114 is presertedt

tidal zone, surface slopes should he dlevelorpedt co fiat they j'ihy,; iisopial ird 1,1i,ipnhi( (1:0, have tnei- richidirt in I1ri



attempt to enhance an objective choice of specific plants to be conform with the desired plan of marshland development at
established under specific environmental conditions Biologi- Dyke Marsh: (4) preliminary design of the confined/disposal
cal. operational, and engineering problems associated wit' facility. (5) availability of construction materials (6) identifica-
marsh establishment are discussed. The Appendix presents a tion and investigation of possible construction alternatives, (7)
list of the scientific and common names of species used in this procedures for placement of dredged material to produce the
study 32 references. (Author abstract modified) desired marsh substrate elevations, and (8) costs for different

construction alternatives. The restor&;,in of Dyke Marsh using
dredged material appears technically feasible. This study
represents an important contribution to the identification of the

237 engineering constraints associated with a major marsh devel-
opment site and provides basic design guidance which
should be applicable to many estuarine areas Appendices

Influence of pregermination conditions on the viability give laboratory test results for sediment samples and founda-
of selected marsh plants. J D. Maguire, G A Heuterman lion soils A subsequent detailed design for Dyke Marsh is
Pullman, WA, Washington State University. Seed Technology presented in Technical Report D-77.13. 24 references
Laboratory. August 1978 Technical Report D-78-51 (NTIS
No AD-A059 629)

A brief state-of-the-art review and laboratory tests were
carried out to determine the viability and germination require 239
ments of seed from 13 common freshwater and salt marsh
plant species and to determine proper methods of seed
storage and handling techniques to maximize viability Select- Detailed design for Dyke Marsh Demonstration Area,
ed species which exhibited considerable dormancy also were Potomac River, Virginia. Michael ii Palermo, Timothy W
subjected to various gas and hormone treatments in an effort Ziegler Vicksburg, MS. U S Army Engineer Waterways
to break seed dormancy. The 13 species examined included Experiment Station, Environmental Effects Laboratory. Octo-
sea ox-eye (Borrichia frufescens), Lyngby's sedge (Carer ber 197/ Technical Report D-77 13 (NTIS No AD-A048 179)
lyngbyeri) slough sedge (Carex obnupta) tufted hairgrass Results are presented of detailed engineering studies on the
tDeschampsra caespitosa). marsh elder (Iva frutescens), soft use of dredged material to expand part of Dyke Marsh, a
rush (Juocus effusus), broadleaf arrowhead (Sagifftara freshwater inlertfidal marsh about 1 rile south of Alexandria,
latifoia). woody glasswort (Sahcorria pacifica). tule (Scirp.s Virgnia, along the west bank of the totomac River Samping
validus), smooth cordgrass (Spartrina alterniflora), big cord and testing programs are described, and a methodology for
grass (Spartina cynosuroidesl, Pacific cordgrass (Spartina correlation of in situ channel sediment volume and confined
fohosa), and saltmeadow cordgrass (Spartina pateris) Maxi disposal area volume is given Resu is of retaining dike
mum percent germination for all species tested was 94 stability analyses, dike settlement analyses, and erosion
percent for slough sedge, lowest maximum germination rate protection requirements are included Appendices to the
was 15 percent for saltmeadow cordgrass (this has been report give latioratory test results for (1) shoal and coiumn
tested higher in other situations) The study results provide sedimentation samples. (, ) river te sOuiries of sand. (3)
useful and specific information about seed viability, dormancy, debris fill area and wooded slaid. aid 4, t!uridation so
storage potential, and potential germination rates for the 13 14 references The feaibility study identifying the economic
marsh plant species tested A list of common and scientific arid tecfriical constraints associated with dike construction
names used in the text of this report is appended 58 and dredged material placement fon rrarsh restoration at Dyke
references (Author abstract modified) Marsh is described in Technical Report DI 16 0

238 240

Feasibility study for Dyke Marsh Demonstraton Area, Habitat development field Investigations, Windmll Point
Potomac River, Virginia. Michael R Palermo. Timothy W Marsh Development Site, James River, Virginia. Summa-
Ziegler Vicksburg. MS, U S Army Engineer Waterways ry report. John D Lunz, Timothy W Ziegler, Robert T
Experiment Station, Environmental Effects laboratory. No Huffman, Robert J Diaz. Ills J Clairan. i ,- I Jean Hunt
vember 1976 Technical Report D-76-6 (NTIS No AD A033 Vicksburg. MS, I) S Army I ngineer Walerways I pertiment
524) Station, I nvironmental I aboratory, August 1918 Technical

The results of an investigation conducted to determine the Report D-77-23 (NTIS No A) A066 2,'4)
engineering feasibility of using dredged material fron the Field research in habitat development at tie WOrrnil1 Poini
Potomac River estuary to develop and restore a marsh Marsh Development Site, James Hiver. Virginia. is preserited
community at Dyke Marsh, a freshwater interlidal marsh The research was designed Io lest the teasitlity of uising fine
located south of Alexandria, Virginia are presented Factors textured contaminated dredged material ti, esrtabhish iesiwa
evaluated in the study include fI) site specific feasibility of ter mar.;h mudfla shalltw a(gatir aid psarwd habtats
marsh expansion using the locally available dredged material trudies of engineerng and irrrrstri -tir ir rari hotany
(2) sizing of the demonstration area to meet water quality and sediment amnrl water quality metais artd i hii'rlated hydriri-af
storaqe needs, (3) location of the restoration prole(t fo born comprtinds i marsh ,n, and vasi ,(la pamn Iss ues
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benthic invertebrates, fish, and wildlife were included. 33
references Appendices to this report represent the following 242
individual studies which provide the data base upon which this
Summary Report was developed: Appendix A: Assessment of
vegetation on existing dredged material island, by G. M Habitat development field InvestIgatons, Windmill Point
Silberhorn and T. A Bernard, Jr., Old Dominion University. Marsh Development Site, James River, Virginia. Appen-
Norfolk, Virginia (reproduced on microfiche and enclosed in dix D: Environmental Impacts of marsh development

the Summary Report): Appendix B. Propagation of vascular with dredged material: botany, soils, aquatic biology,

plants, by E. W. Garbisch. Jr.. Environmental Concern, Inc., and wildlife. Donald F. Boesch, Robert J Diaz, D Doumlele,

St. Michaels, Maryland (reproduced on microfiche and enc- J. L. Hauer. M Hedgepeth, J V Merriner, K Munson. S

losed in the Summary Report) Appendix C. Environmental Powers, G Silberhorn, C. A Stone, M Wass, R Wetzel, E

impacts of marsh development with dredged material acute Wilkins Gloucester, VA, Virginia Institute of Marine Science.

impacts on the macrobenthic community, by R. J Diaz and D. June 1978. Technical Report D-77-23 (NTIS No. AD-A066

F. Boesch, Virginia Institute of Marine Science, Gloucester 223).

Point, Virginia (printed report). Appendix D Environmental
impacts of marsh development with dredged material: botany, A 4.0-ha interdal marsh island was built from dredged
soils, aquatic biology, and wildlife, by Virginia Institute of material in the James River. benthic invertebrates, fish,
Marine Science, Gloucester Point, Virginia (printed report); wildlife, plants, and soils chaacteristics were studied The
Appendix E: Environmental impacts of marsh development man-made island was found to have increased species
with dredged material: metals and chlorinated hydrocarbon abundance, diversity, and biomass over adjacent open-water
compounds in marsh soils and vascular plant tissues, by J. D. areas; it was found to have greater abundance and biomass
Lunz, Environmental Laboratory, WES (printed report); Ap- of a less diverse benthos, fish, and wildlife community than
pendix F: Environmental impacts of marsh development with nearby natural marshes. The developed marsh habitat was
dredged material: sediment and water quality. Volume I: beneficial and compared favorably with natural reterence
Characteristics of channel sediments before dredging and
effluent quality during and shortly after marsh habitat develop-

ment. Volume I1: Substrate and chemical flux characteristics of
a dredged material marsh, by D D. Adams, D A. Darby, and
R J. Young, Wright State University, Dayton, Ohio, and Old
Dominion University, Norfolk, Virginia (printed report) Ap-

pendices C, D, E, and F are abstracted below 243

Habitat development field Investigations, WIndmilll Point
Marsh Development Site, James River, Virginia. Appen-
dix E: Environmental Impacts of marsh development and

241 chlorinated hydrocabon compounds In marsh soils and
vascular plant dsues. John D Lunz Vicksburg, MS. U S
Army Engineer Waterways Experiment Station. Environmental

Habitat development field Investigations, Windmill Point Laboratory, August 1978 Technical Report D 77.23 (NTIS
Marsh Development Site, James River, Virginia. Appen- No AD-A066 224)
dlx C: Environmental Impacts of marsh development
with dredged material: acuts impacts on the macro-
benthlc community. Robert J Diaz, Donald F Boesch Soil and vascular plant tissue samples were collected from
Gloucester, VA, Virginia Institute of Marine Science, Novem- the man-made Windmill Point Marsh Development Site and
ber 1977 Technical Report 0-77-23 (NTIS No AD.A066 224) two nearby natural marshes and analyzed for five heavy

metals (nickel, zinc, chromium, lead. and cadmium) and
thirteen chlorinated hydrocarbon compounds (DDT, DDD.

Tidal freshwater macrobenthos was sampled near the Wind DDE. lindane, heptachlor. heptachlor epoxide. chlordane.
mill Point. Virginia dredged material island site Benthic endrine. dieldrin. kelthane, kepone, PCB's. and toxaphene)
communities were dominated by the bivalve Corbicula mari No real differences between levels in the man made and
lenss, oligochaetes Limnodrilus spp , Ilyodrllus femptelon, natural marshes was evident in plant tissues although soil
timnodrlus hoffmeisteri, and larva of insects Coelotanypus concentrations were higher for some metals and chlorinated

scapularis and Hexageia mingo Densities were greatest in hydrocarbons in the man-made marsh soil Kepone was

mud substrates with the exception of Corbicula manlensis detected in all marsh soils studied Marsh soil characteristics
The community had recovered from the sedimentation i n appear to restrict chemical mobility and bioavailability and to
pacts of island construction and dredging within six months degrade chlorinated hydrocarbons



references. (Author abstract modified) Detailed information on

244 propagation of plants and postpropagation monitoring is
appended to this report. That appendix provided much of the
data base for the Summary Report. Appendix A: Propagation

Habitat development field Inveataltions, Windmill Point of marsh plants and postpropagation monitoring, by R. J.
Marsh Development Site, James River, Virginia. Apen- Reimold, M. C. Hardisky. and P. C. Adams, University of
dlx F: Environmental Inpacft of marsh development Georgia, Brunswick, Georgia (printed report). Appendix A is
with dredged material: sediment and water quality, abstracted below.
Volume 1: Characterltcs of channel sediments before
dredging and effluent quality during and shortly after
marsh habitat development Volume II: Substrate and
chemical flux characteristics of a dredged material 246
marsh. 'Donald D. Adams, 2Dennis A. Darby, 2Randolf J.
Young. 'Dayton, OH. Wright State University; 2Norfolk, VA,
Old Dominion University, August 1978. Technical Report D- Habitat development field investlgatlons, Buttermik
77-23 (NTIS No. AD-A066 224). Sound Marsh Development Site, Atlantic Intracoastal
Volume I: Navigation channel sediments were collected Waterway, Georlia. Appendix A. Propagation of marsh
before dredging and physically and chemically described, plants and tpropagaton monitoring. R. J. Reimold, M.
These characteristics were compared to the chemical quality C. Hardisky, P. C. Adams. Brunswick, GA, University of
of effluent from the site during dredging, during dewatering, Georgia, July 1978. Technical Report D-78-26 (NTIS No. AD-
and 3.5 months after dredging and disposal. Concentrations A057 937).

in the effluent leaving the dike from the disturbed sediments A field study testing the feasibility and impact of marsh
during dredging were higher for zinc, copper, cadmium, lead, development using dredged material at Buttermilk Sound,
nickel, mercury, and ammonium-N. Lower concentrations of Georgia, was initiated in 1975. A 2-ha dredged material island
dissolved iron and orthophosphate were found. The high near the Altamaha River mouth was graded to a 3.7 percent
concentrations decreased substantially by 3.5 morths after slope a d partitioned into IhTee elevalion zones which were
dredging. Volume I1: Substrate sediment studies were con- subjected to tidal inundation less than six hours each day, six
ducted at the marsh development site and at a natural to 18 hours each day, and more than 18 hours each day,
reference marsh 6, 18, and 24 months after dredging and respectively. Each zone was treated with a combination of
disposal Thirteen variables were found to be different experimental plantings including seven marsh plant species.
between the man-made and natural reference marsh. Eight two propagule types, and five fertilizer treatments Species
were higher at the man-made site: conductivity, total phospho- tested were Spartina alterniflora, Spartina patens. Spartna
rus, turbidity, orthophosphate, nitrate plus nitrite, calcium, cynosuroides, Borrichia frutescens, Iva frutescens, Juncus
manganese, and volatile organic carbon. Two were higher at roemerianus, and Distichlis spicata Plant response to fertilizer
the reference marsh: pH and dissolved oxygen. Export and and inundation was monitored. Interstitial water chemistry, soil
import properties of both marshes were studied and transport chemistry, soil microbiology, and invading plant species were
calculations made for a number of substances, monitored within each plot Aquatic biota and wildlife observe.

tions were also made.

245
247

Habitat development field Invesfigattons, Buttermilk
Sound Marsh Development Site, Atlantic Intracoastal Habitat development field Investigations, Aplachicola
Waterway, Georgia. Summary report. Richard A. Cole Bay Marsh Developient Sit*, Apelacticola Say, Florida.
Vicksburg, MS. U S Army Engineer Waterways Experiment Summery report. 'William L Kruczynski 2Robert T Huff-
Station, Environmental Laboratory, July 1978 Technical Re- man, 2Mary K. Vincent 'Tallahassee, FL. Environmental
port D-78-26 (NTIS No. AD-A057 937) Systems Service of Tallahassee, Inc 

2Vcksburg, MS. U S
The activities that occurred during marsh development studies Army Engineers Waterways Experiment Station. Environmen.
at Buttermilk Sound. Glynn County. Georgia between 1975 tel Laboratory, August 1978. Technical Report D-78-32 (NTIS
and 1977 are summarized A general discussion of the No. AD-A059 722)
engineering and biological aspects of salt marsh propagation, The feasibility of developing marsh on fine-grained and
microbial development, and associated animal response is coarse-grained dredged material in a brackish water intertidal
presented Among the factors tested for their effect on marsh environment was tested at a dredged material disposal site in
development on dredged material, elevation and the associ Apalachicola Bay. Florida Smooth ;ordgrass (Sparlina alter
ated amount of inundation had the greatest impact Fertiiza- niflora) and saltmeadow cordgre.s (Spar/me patens) sprigs
lion did not appear to facilitate plant survival or performance were planted at different spacing intervals to evaluate opi
even though the dredged material had low nutrient concentra mum growth conditions Fourteen months after planting, plots
lions At Buttermilk Sound. seeding was lust as effective as of saltmeadow cordgrass and smooth cordgrass exhibited
sprigging for all of the species planted Construction of the substantial gowth In the smooth cordgrass spacing study,
experimental site and the planting that followed seemed not to growth measures were related to plant interval. and, in
have any major effect on aquatic or terrestrial animals 9 general, growth improved as spacing decreased In contrast,

69



general growth within the saltmeadow cordgrass plots im- duced on microfiche and enclosed in the Summary Reporii.
proved as planting interval increased Natural invasion of plant Appendix D Propagation of vascular plants and postpropaga-
species also was documented Reliance solely upon natural tion monitoring of botanical, soil, aquatic biota. and wildlife
invasion to initially stabilize dredged material sites with resources, by J W Webb. J D Dodd. B W Cain. W R
environmental conditions similar to the ones described in this Leavens. L R Hossner. C Lindau, R R Stickey. and H
report is not recommended, because the development of Williamson, Texas A&M University, College Station. Texas
sufficient ground cover is often happenstance Results indi- (printed report) Appendix D is abstracted below
cafe that the development of marsh plants on dredged
material can be readily accomplished in the area of study 8
references (Author abstract modified)

249

248 Habitat development field Investigations, Bolivar Penin-
sula Marsh and Upland Habitat Development Site, Galve-
ston Say, Texas. Appendix D: Propagation of vascular

Habitat development field Investigations, Bolivar Penin- plants and postpropagatio. monitoring of botanical,
sula Marsh and Upland Habitat Development Site, Gave- soil, aquatic blota, and wildlife resources. J W Webb, J
stMon ay, Texas. Summary report. Hollis H. Allen, Ellis J D Dodd, B W Cain, W R Leavens. L R Hossner, C Lindau,
Clairain, Jr, Robert J. Diaz, Alfred W. Ford, L. Jean Hunt, B. R. R Sickney, H Williamson College Station, TX. Texas A&M
R Wells Vicksburg, MS, US Army Engneer Waterways University, June 1978 Technical Report D 78-15 (NTIS No
Experiment Station, Environmental Laboratory, August 1978 AD-A063 780)
Technical Report D-78-15 (NTIS No. AD-A063 780)

A 2.5.year field investigation was conducted at Bolivar Post development monitoring activities are summarized Plant

Peninsula, Galveston Bay, Texas, to test the feasibility and survival and performance in response to different fertilizer

impact of developing marsh and upland habitats on dredged treatments and planting methods were measured Soil param

material. This report summarizes baseline information derived eters were analyzed and related to plant growth Aquatic biota

before habitat development operations and the results of was monitored for invasion and composition Wildlife observa
lions were made to determine reptile amphibian, mammal

postdevelopment operations. Two marsh grass species and

nine upland plant species including trees, shrubs, and and bird use of the site

grasses were planted in test plots on a dredged material site
lying between the Gulf Intracostal Waterway and Galveston
Bay. Tests were conducted to measure plant survival and
performance in response to different fertilizer treatments and 250
planting methods. Plantings were successful in both marsh
and upland Marsh grasses surviving and performing well Habitat development field investigations, Salt Pond No. 3
included smooth cordgrass (Sparina alterniflora) and salt- Marsh Development Site, South San Francisco Bay,
meadow cordgrass (Spartrna patens) Upland plants demon- Californla. Summary report. 'James i Morris 'Curtis [
strafing good survival and growth were live oak (Quercus Newcombe. 2Robert T Huffman. 2.lames S Wilson '-ich
virginiana), wax myrtle (Myrca cerfera). winged sumac (Rhus mond, CA. San Francisco Bay Marine Research (.enter irs.
copalhina), bitter panicum grass (Panicum amarum), and 2Vicksburg, MS. U S Army f ngineer Waterways I xperimrent
coastal bermuda grass (Cynodon dactylon var alecia) Com- Station Environmental laboratory, December 19 18 1echn
ponents of the habitat development site, consisting of the cal Report D-78-57 (NTIS No AD A06!) 7751
planted vegetation and sandbag dike, attracted insects.
acquatic organisms, and birds After less than a year of A marsh demonstration study involving the development of a
development, the site provided heterogeneous habitats which salt marsh habitat on unconfined fine-grained dredged mater
tended to support greater use by fish and benthos than is al deposited along the banks of the Alameda (,reek loond
generally associated with sandy shores along the Bolivar Control Channel in South San Francisco Bay is discussed
Peninsula Appendices to this report represent the following Testing of this concept in 1972 demonstrated its feasibility
individual studies which p,.vide the data base upon which this and in f974 a 40 4-ha confined (diked) saltwater evaporaion
Summary Report was developed Appendix A Baseline pond (Salt Pond No 3) was filled wilt approximately 500(100
inventory of waler quality, sediment quality, and hydrodynam m

3 of fine-grained clayey dredged material as par of field
ics. by J D Lunz, F J Clairain. Jr and J W Simmers, work aimed at providing information orn the development ol a
Environmental Laboratory, U S Army Engineer Waterways cordgrass (Spartrna foliosal marsh on contfined dredged
Experiment Station (WES). Vicksburg. Mississippi (repro material substrate The prolect was (concerned with (T) the
duced on microfiche and enclosed in the Summary Report), maximum distance to space propaqules and otitar satislacto
Appendix B Baseline inventory of terrestrial flora, fauna, and ry cover in two years, t) the possitle need tir ubstrate
sediment chemistry, by J D Dodd. D J Herlocker. B W preparation prior to planting (3) the suitable elevati r arge
Cain. B J Lee. L R Hossner. and C Lindau. Texas A&M for planting. (4) the optimal season for planting and (,1 the
University. College Station. Texas (reproduced on microfiche efficiency of hand planting by the walk method as (oniparel
and enclosed in the Summary Report). Appendix C Baseline with hand planting by the tractor assisted metho<d Natura
inventory of aquatic biota, by J M I yon and K N Raxter colonization by plant species or; the site also was do urnerni
National Marine Fisheries Service. I.- reston Texa,, (reprr ed 3 references
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Habitat development field investigailons, Mier Sands
Habitat development field Investigations, Miller Sands Marsh and Upland Habitat Development Site.lumbSe
Marsh and Upland Habitat Development Site, Columbia River, Oregon. Appendix E: Poetpropiagtlon amssee-
River, Oregon. Summary Report. Ellis J. Clairain, Jr., mont of botanical and *oll resourcee on dredged matei-
Richard A Cole. Robert J Diaz, Alfred W. Ford, Robert T. al. P. E. Heilman, D. M Greer. S E Brauen, A S Baker
Huffman, L. Jean Hunt, B. R. Wells. Vicksburg, MS, U.S. Army Pullman, WA, Washington State University. August 1978
Engineer Waterways Experiment Station, Environmental Labo- Technical Report D-77-38 (NTIS No AD-A062 26 1)
ratory, November 1978. Technical Report 0-77-38. Development of soil characteristics and olanted marsh and

upland vegetation were examined at M'iller Sands Island, a
dredged material disposal site in the Columbia River Oregon

A two and one-half year field investigation conducted at Miller Soil analyses showed uniform soil conditions with sandy
Sands island, a tidas freshwater, dredged material disposal textures The soil was also very low in organic matter and

nitrogen but had relativety high base status and pH The

site in the Columbia River, Oregon, is summarized The field phosphorus level was higher than levels found in adjacent
study was conducted to determine the feasibility of developing natural soils Although marsh s )its were somewhat less
productive marsh and terrestrial wildlife habitat on dredged oxidized at lower elevations, the soil was relatively well
material and to determine if development of wildlife habitat is a aerated and contained no sulfides or nitrates Plant growth
viable alternative to other dredged material disposal options survival in the marsh indicated significant effects of elevation

This report synthesizes baseline information obtained before with almost no plants surviving in the lowest elevations
planted Aerial biomass production in the planted marsh was

habitat development operations and the results of postdevel- over five times greater than in the unplanted beach area, but
opment operational studies Plantings were generaly suc- about one-third as great as the natural marsh area Feriliza

cessful in both the intertidal and upland areas The interlidal tion significantly increased growth, seed production, and
plantings provided habitat for aquatic and terrestrial animal biomass of Deschampsia cespitosa, but had no effect on
communities but did not greatly improve or damage animal Carex obnupta Good plant growth was obtained with most
populations The planted upland areas were used by water- species planted on the upland area Fertilization was neces

fowl more than upland reference areas, although the number sary for the establishment of most upland species even
though competition from invading grasses greatly increased

Of avian species was ess 28 references (Author abstract with application of fertilizer Barley. red clover, white clover.
modified) Appendices to the report present the following and bentgrass produced flowers after the first year of growth.
individual studies which provided the data base upon which but seed production was poor
this Summary Report was developed Appendix A Inventory
and assessment of predisposal physical and chemical condi.
tions, by N Cutshall and V G Johnson. Oregon State
University. Corvallis. Oregon (reproduced on microfiche and 253

enclosed in the Summary Report). Appendix B Inventory and

assessment of predisposal and postdisposal aquatic habitats Habitat development field Investigatons, Miller Sanft
by R J McConnell. et al . National Marine Fisheries Service Marsh and Upland Habitat Development Site, Columbia

Seattle, Washington (reproduced on microfiche and enclosed River, Oregon. Appendil F: Poetpropagatlon assee
omre of w ~ resources on d e~llp matrial. J Ain the Summary Report). Appendix C Inventory and assess (,rawor ) Ki I ewarc e rvaelg OR maregon State

ment of prepropagation terrestrial resources on dredged I ) rversp*y May 1'P le(hrnal Riepvr 1) 77 IR (NTIS
material, by C 0 White. et al . Woodward Clyde Consultants No Al) A1+ A; Vt.
Portland, Oregon (reproduced on microfiche and enclosed in Wildlife felispos to plA,- t.ropagatn op. Miller Sands Island
the Summary Report). Appendix D Propagation of vascular a dredged m;terai dspir).a %lte , the lower Columba River,
plants on dredq'' 'riaterial. by W E Ternyik. Wave Beach was assessl fdro i,,1  74, thro ujt, August 1977 Plant

Grass Nursery. Florence Oregon (reproduced on microfiche estatlishmert wa
, 

ai i((pirhed in late summer and fall of

and enclosed in the Summary Report). Appendix F Postpro 1976 Data on trrl, mammal% anil leresitral ma( ro nvereb
rates were collec'ted analyze~d arid co~mpared with data from

pagation assessment of botanical and soil resources on oter reiosii te. 'te A res h ita p r
other rrigtons oft thr : ' , lall 1-, habitat type were

dredged material, by P E Heilman, el al . Washington State examined natural hielar h Inast upland and tree shrub.
University, Pullman. Washington (printed report), and Appen planted marsh and )lanted upland rhe planted marsh was
dix F Postpropagation assessment of wildlife resources on used by fewer bird " rex, that was a reference marsh
dredged material, by J A Crawford and D K Edwards. however a trend drevonpei near the end if the study which

Oregon State University, Corvallis Oregon (printed report) indicated that use of both will eventually he similar Upland
Appendices E and F are abstracted below plantinga apparently n-reatad th* diverty and number of

speri which used adjacent utpland arers Waterlowl fd and
nested in the uplid plantings prefrriN a hor
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ley/bentgrass/red clover mix for feeding and a reed canary associated with dredged material Islands were of greatest
grass/red fescue/hairy vetch mix for nesting Very few small importance to wading birds The vegetation communities and
mammals were trapped, but it appeared that the Townsend's seral stages found on 21 dredged material study islands are
vole population increased in the upland canary described Nineteen recommendations for dredged material
grass/fescue/vetch mix. Macroinverterate populations in- islands as a wildlife resource are stated, including annual
creased on the upland. Plantings did not have dramatic effects wildlife surveys, careful monitoring of dredging contractor
on the animal populations monitored. Avian density and performance, attention to record keeping, preservation of
diversity were mostly unaffected But in some instances, the alternative colony sites, rotational use and manageme'it of
number and type of species changed in response to the dredged material islands, proportional habitat creation and
plantings. management, and protection of all islands with bird colonies

Appendices contain (1) an historical perspective. (2) vegeta-
tion analysis, (3) miscellaneous maps and figures, and (4)
photographs of the 21 study islands 49 references

254

Habitat development field Inveetlgatlons, Rennle Iland 256
Marsh Development Site, Grays Harbor, Washington.
Sumary report. Mary K. Vincent. Vicksburg, MS. U.S.
Army Engineer Waterways Experiment Station, Environmental A comparison of plant succesalon and bird utilization on
Effects Laboratory, April 1978 Technical Report D-78-11 diked and unclked dredged material lalands In North
(NTIS No. AD-A056 909) Carolina eatuarlea. James F Parnell, David M DuMond,

Activities occurring during the habitat development field study Robert N Needham Wilmington. NC. University of North

at Rennie Island in Grays Harbor at Aberdeen, WA are Carolina at Wilmington, Department of Biology, May 1978

summarized. The objective of the study was to develop a salt Technical Report D-78-9 (NTIS No ADA056 000)

marsh on a dredged material substrate. Early in the site A comparative study of the vegetation succession and avian
assessment phase, however, the protect was found to be use of North Carolina's 395 diked and undiked dredged
infeasible due to extremely high wave energy conditions, material islands is reported Unfilled diked islands that were
necessitating a substantial protective and retaining structure studied had a complex topographic zonation Plant succes
Foundation analyses indicated a weak, unstable condition that sion was highly variable on these unfilled sites, with topogra
made a conventional rock or earthen dike unsuitable. An phy. substrate particle size. salinity, and availability of water
evaluation of various alternative structures revealed that no being major causative factors Plant succession on diked arid
economically feasible options were available, and the project filled sites was similar to that on undiked islands except that
was terminated. Appendices include (1) an annotated bibliog- dikes tended to vegetate more quickly than did the deposits
raphy for Grays Harbor estuary. (2) a list of plants and animals on outer portions of undiked sites Only the least and gull
observed in the study area, (3) the work plan for the Rennie billed terns were found nesting predominately on diked sites
Island study, and (4) a discussion of engineering consider- with most nestiig gulls and terns locating the majority of their
ations 21 references (Author abstract modified) breeding colonies on undiked sites One hundred forty tw

species of shorebirds, waterfowl, and land birds were record
ed on diked islands, while 94 species were found on undiked
sites, the increased avian diversity of diked over undiked silip
paralleling the increased temporary diversity of habitats iri
diked sites Although most conclusions and recomnerdatiorn
concerning diking and birds must be very tentative, there

Island Habitat Development clearly are few positive values of dikes to nesting birds arid
several potential adverse effects The findings of this study

255 relate closely to diked sites on the mid Atlanii (.oast and
reasonably well to diked Gulf Coast site, Appendices to IN,.
report contain soils, vegetation bird and cartographic data.

Use of dedgd material lands by colonl l se bl rds and respectively 58 references (Author abstract modified)
ain birds In New Jersey. Francine G Buckley, Cheryl A

McCaffrey Manomet, MA. Manomet Bird Observatory. June
1978 Technical Report D-78-1 (NTIS No AD-A061 843)

Results of investigations of (a) the distribution of colonial 257
seabirds and wading birds on New Jersey dredged material
islands, (b) vegetation distribution and succession on dredged .

material islands, and (c) the interactions of vegetation and Colonial bird uae and plant sucoseon on dredg
birds on dredged material islands are summarized Vegeta- material Inds In Florida. Volume I: Se and wading

tion field studies were conducted using photointerpretation, bird colonies. Rall, W Schrettwr, I i zabet A if ht lxi

on-site vegetation sampling, general field reconnaissance, Culver City, CA, Seabird Research In. Apr) 197i trwal

and calculation of areas covered by various vegetation Report D 78 14 (NT I No AD AO ,O 086)

mapping units Sixteen colonial walerbrd species were found Bird use of dredged material islands in five arew; (if I indla
nesting in the study area. alt but one species were often was studied. concentrating or, colrnial nesti i habit, 9 '.,%a
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and wading species. Breeding use, use during migration, and were compared with those nesting on natural sites in each
overwintering use were considered, and two surveys were area and for the entire Texas coast The report contains
made on each of 40 selected islands to identify the 26 species recommendations concerning island construction, mainte-
of colonial and 8 species of noncolonial birds. Various nance, and management in relation to nesting seabirds and
species-habitat interactions and the significance of dredged wading birds. Appendices present. (1) nesting sites on the
material islands to colonial nesting sea and wading birds are Texas coast used by colonial and wading birds in 1976. (2)
discussed in detail. Five management recommendations are maps of the two study areas, (3) name, designation, location,
made. Appendices to this report contain (1) a literature review and physical characteristics of islands in the specific study
and 1977 field data and (2) a discussion of bird use of areas. (4) plant species collected from islands in the southern
dredged material islands as roosting, loafing, and feeding area, (5) plant species collected from islands in the northern
sites. 67 references. (Author abstract modified) area. (6) physical characteristics and occurrence of plant

species in all quadrats on each study island (7) bird species
nesting on dredged material islands in the two study areas on
the Texas coast during 1977 (8) nesting information on birds

258 using dredged material islands along the coast of Texas. and
(9) nesting information on colonial birds that nested on
dredged material islands in the two study areas on the Texas

Colonial bird tse and plant succession on dredged coast during 1977 116 references (Author abstract modified
material Islands In Florida. Volume I1: Patterns of plant
snucceslon. Roy R. Lewis, Ill, Carolyn S. Lewis. Culver City,
CA, Seabird Research, Inc., April 1978. Technical Report D-
78-14 (NTIS No. AD-A056 803).

The succession of vegetation on various aged dredged 260
material islands in Florida was determined. Forty islands in
five selected areas were examined intensively, and a literature
review was conducted Vertical aerial photographs and Colo0'st neing sea and wadng bird ue of eatuarine
vegetation maps of each island were made A total of 141 letanda In the Pacific Northwest. Carl F Peters, Klaus 0
plant species were identified as occurring on the islands. Richter, David A Manuwal. Steven G Herman Seattle. WA.
Colonization by propagules occurred from water-carried, John Graham Company. May 1978 Technical Report D-78-17
wind-carried, and bird-carried sources on Florida dredged (NTIS No AD-A056 926)
material islands. Bird use of the islands was directly related to
the stage of succession, and bird fecal material was found to Between June and September 1977. 23 natural md dredged
affect the regetation both adversely and beneficaly depending material islands were examined in seven locations from
upon location. The opportunities for bird usage offered by the Anacores. Washington. to Coos Bay, Oregon. to establish the
creation of new dredged material islands, by the addition of relationships between plant communities and use by colonial
dredged material to existing islands or by the maintenance of nesting waterbirds for both types of islands, as well a the
unregetated sites are discussed in terms of management actual bird use of dredged material islands in the Pcific
guidelines 36 references. (Author abstract modified) Northwest Nine islands were found to be used for nesting by

several species including glaucous.winged gulls. western
g(aucous-winged (hybrid) gulls, rting billed guls, Caspian
terns, and common terns Colonies of great blue herons were

259 found on two islands 61 and 97 km from the mouth of the
Columbia River Colony location breeding phenology, and
nesting success were analyzed with respect to existing flora.

Use of dredged material islands by colonial sestirds and environmental stress, island physiography, and human distur
Iadig bk In Texas. A. H. Chaney, B R Chapman, J P. bance Results show that although dredged material deposi

Karges, D A Nelson, R R. Schmidt. L. C. Thebeau tion influenced an islaid's physical dimensions, topography
Kingsville, TX, Texas A&I University, April 1978 Technical and substrate, plant communities were physiognomically
Report D-78-8 (NTIS No AD-A056 785). similar to natural islands, and seabird colonization occurred

Data were gathered on the use of dredged material islands by irrespective of dredging history Colonization arid productivity
colonial seabirds and wading birds in 34 locations in Texas were related primarily to prolecon from environmental stress
waters. 17 in the Galveston-Houston area and 17 in the upper Management of dredged material istlands should not neces
Laguna Madre near Corpus Christi The islands were photo- sarily be directed toward increased gull arid tern production.
graphed, visited by boat, and measured for elevation and but existing colonies should be maintained and monitored
area Over 3000 soil samples were taken, and the vegetation especially those of rare spei ies oni the West (,oast ((aspian
on each island was identified, measured, and quantified in terns and common terns) Dredged material deposition could
over 3000 quadrats Plant communities were identified, and improve habitat on some ilands by providing increased
vegetation maps of each island were constructed Birds using stability and protection from environmental stress Append
the islands as nesting sites were identified and their nests ices present (1) island vegetation composition and relative
monitored The location of colonies was plotted on island density by habitat type and ife form (2) an index to plant
maps and nesting information was summarized and placed in species of Paciti( Northwest estuarine islands (13) an index In
tabular form Islands, birds, and vegetaton were related to bird spes and 14) an index to mammal specie-; 36
each other, and the numbers and species of nesting birds references (Author abstract modified)
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An aerial survey of waterbird colonies along the Upper A selected bibliography of the life requirements of

Mlealelppl River and their relationship to dredged colonial nesting waterblrds and their relationship to
material deposits. David H. Thompson. Mary C. Landin dredged material Islands. Mary C Landin Vicksburg, MS,

U S Army Engineer Waterways Experiment Station, Environ
Vicksburg, MS, U.S Army Engineer Waterways Experiment mental Laboratory, September 1978. Miscellaneous Paper D
Station, Environmental Effects Laboratory. April 1978. Techni- 78-5 (NTIS No AD-A061 643)
cal Report D-7813 (NTIS No AD-A056 059). An extensive bibliography of pertinent research on the life

requirements of colonial nesting waterbirds in the United

States and their relationship to dredged material is presentedAerial surveys of1040 kmofe Uppe Milsispi five An additional bibliography of 18 1 references pertaiiig to the
Locks and Dams 1 -26, showed 35 active colonies of five vegetation and soils on dredged material islands and environ
species of waterbirds (great blue heron, great egret, black- mental impacts of dredged material deposition oii waterbird
crowned night heron, double-crested cormorant, and For- habitats also is provided Selected references from Canada
ster's tern) nesting in the floodplain. In addition, green herons Europe and Africa which pertain to related waterbirds or to
and yellow-crowned night herons are reported as nesting, those introduced to the United States are included This report
although location by aerial survey was not possible due to gives the reader access to little known sources and presents
cryptic coloration and nest placement beneath the tree data on walerbird species that are not otherwise readily
canopy No species were found nesting on dredged material available References from the years 1844 to 1978 are
In general, colonies were located on isolated insular natural included 4 references (Author abstractl

sites on the east side of the river below dams and/or
tributaries Many dredged material sites were found to be
unsuitable for nesting because ot high human recreational use
of dredged material and the early successional stage of
vegetation present. Appendices name the bird and plant
species listed in the text and give tabulations of data for active Terrestrial Habitat Development
and extinct colonies 96 references (Author abstract)

264

The flora of dredged material ites In Navigation Pool S
of the Upper Mississippi River. S R Ziegler S H So'nme

262 La Crosse, WI. University of Wisconsin. L.a Crosse, Noverntr
1977 Techncal Report D 7731 (NTIS No AO AO!lj '78,

Colonial birds nesting on man-made and natural ites In Vegetation growing un dredged material in Nawgaior Puss
of the Upper Mississippi River was surveyed to detIrw-the U.S. Greot Ll ie.k William C Scharf, Gary W Shugart. plant species ' &enty three sites ranging in age from one toi

Michael L Chamberlin Traverse City, MI, Northwestern over 20 years were studied, and specimens uullected iii 304
Michigan College, May 19/8 Technical Report D-78 10 (NTIS species representing (54 plant families Site ages, vlrv;aioris,

No AD-A061 818) and plant comm iny associations were correlaled o drlth'r

mine primary colonizers of the various dredged mater,al

habitats Grasses, sedges. and composites were the pimary
Habitats and nesting populations of colonial nesting birds of herbaceous colonizers 29 references
the U S Great Lakes were determined by aerial census,
ground nest observations, and vegetation analysis during
1976 and 1977 Thirteen species at 267 colonies were found
during this 2-year study An atlas of nesting sites and 265
populations for hot h years is included along with results of
intensive vegetation and habitat analyses it 24 sites, of which Annotated tables of vegetation growing on dredged
eight were natural islands and 16 were dredged material material throughout the United States. Mary ._ I andri
locations Avian wildlife included several s-.ies of egrets V,cksburg. MS, 0 S Army Fngineer Waterways I .wi.riir

herons, gulls, and terns Appendices to this report present (1) Station, fnvironmenal Latorator November 197k M, i,!la
maps of the colonies studied. (2) a listing of common and neous Paper D 78 7 (NTIS No Al.) AO R8 45)4

scientific names of plants. (3) data on the relative density. Tabular data collected on the vegetation iif drPdged mareai
coverage, and frequency of plants in the sample area, and islands and sites in (orps of tn inpeerf maintlaired wltervy'.i 

-

summaries of the colonial nesting surveys in (4) the ,t Marys throtghot the IUnited State. are preented Mre than I Oo,!
River area and (5) the Heaver Islands archipelago 35 of the 2 001 dredged malpral iSlands and site0p; hull ri the
referenceq (A tho r abt-ract modifieli past 100) years were 1;UrVPPd MerailvY Ito dFelInrre winti-fe
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use, and 202 of these were sampled intensively and had all

vegetation recorded, identified, and/or collected as voucher 267
specimens With the exception of the marsh plant species
tables, the tables are presented by growth habit groups ferns Review of dredged material dispoel techique to
and their allies, grasses, aquatic arid low marsh plants not Identify wildlife habitat development tectors San Fran-
included elsewhere, herbs, vines, shrubs and small trees, and cisco. CA, Dames & Moore, December 1977 Miscellaneous
large trees Table 1 provides an annotated listing by common Paper D-77-5 (NTIS No AD-A063 441)
name for easy reference to 1.120 plant species occurring on
dredged material, frequency and occurrence are briefly noted
Table 2 presents a selection of 361 upland and high marsh Habitats of 15 inland confined dredged material disposal sites
plant species that may be planted on dredged material for were studied, along with operative disposal techniques for
wildlife habitat enhancement and substrate stabilization Table dredged material. The objective was to determine wildlife

3 gives a matrix of upland plants based on the same 361 enhancement alternatives which will protect existing wildlife

species Data include best propagule types and propagule habitat while not unduly conflicting with maintenance dredging
lecioes ttechniques and equipment capabilities It is emphasized thatcollection periodis, temporary storage requirements, and

the smaller the confined disposal area, the more rapidlyplanting periods, species range. heights, growth habits, ecological succession of the disposal site will occur Succes-

wildlife value, salinity tolerances, and pertinent remarks on sion depends on the size of the site and on frequency and
cultivation value, pest species, and habitat occupation, and location of the deposition of the dredged material Specific
species occurring on dredged material and their availability enhancement techniques and alternatives were developed for
from commercial sources Tables 4 and 5 present pertinent five of the 15 sites Environmental and economic costs and
information beneficial to site planners of wetlands habitats benefits of proposed alternatives were categorized into long-
including: recommended propagules, planting and storage term and short term costs. and benefits and costs were
techniques, ranges, soiil tolerances, moisture requirements, compared (Author abstract modified)

wildlife value, nuisance potential soil stabilization abilities
and pertinent remarks on individual values and benefits to be
derived from each species A total of 115 species, selected
for their ability to grow on wetlands sites, is listed Table 6
gives an alphabetical, grouped listing by scientific name and 268

authority of the 1,120 species occurring on dredged Material
48 references HandboOk for terrestrial wildlife habitat development on

dredged material Wilmington, NC. Ocean Data Systems,
Inc . Coastal 7one Resources Division, July 1978 Technical
Iepon D 78 37 (NTIS No AD.A061 114)

266 1 he results of a study of terrestrial wildlife habitat development

on dredged material within the contiguous United States are

A comprhenielve study of euccealmll pattem of compiled in a user oriented handbook A general list of 250
sand animale at upland disposal area Wilmington. plant species (including trees shrubs, vines, herbs, and

C. oan lZne ResurcsCr , Mr19 W olmagt grasses) with food and cover value for wildlife is indexed by
NC. Coastal Zone Resources Corp. March 977 Contract life form and state, a synopsis is given for each of 100 plant
Report D.77-2 (NTIS No AD-A040 464: species chosen from the general list on the basis of their

importance to wildlife, ease of establishment, and geographic
distribution Each synopsis includes a description and discus

The existing biota and plant and animal successional patterns sion of habitat, soil requrements, establishment and mainte
at five upland dredged material disposal areas in the United nance. disease and insect problems, and wildlife value A
States are examined The sites are (a) Nof Island in the range map and illustration are given along with appropriate
Connecticut River, (b) six islands in Hillshorough Ray near miscellaneous comments The handbook also outlines a
Tampa, Florida, (c) an area paralleling a portion of the suggested approach for developing terrestrial wildlife habitat
Whiskey Bay Pilot Channel in the Atchafalaya River basin ofi on dredged material, discusses wildlife species inhabiting

Louisiana. (c) a a disposal area paralleling a short segment cf dredged material areas and recommends techniques for

the Gulf Intracoastal Waterway between Port Arthur and propagation, establishment, and maintenance of plantings

Galveston, Texas. and le) Mott Island in the Columbia River Appendices to this report contain (t) the list of 250 plants with

near Astoria. Oregon With the aid of historical aerial photog food or crover value for wildlife indexed by state and life form
( rare endangered or threatened species references, and

raphy, on-site analysis and regional biolo cal information. (l addresses for soil conservation iervice plant materials
successional patterns of eah site are di-uissed Annotated spe(ialists plant materials centPr and regional biologists
lists of plant and vertebrate an,mal spe"is en'i.,intered 1 7#7

, 
PtePenrrs A list of 184 other uncited references on

during the study are included as appendiceis( to the repnr 14P plants fnirds mammals and roscellaneous topics also is
references (Author abstra( mlied prnv ded (Aithor abqractl)



through small mammal trapping, a bird breeding survey, and

269 combined transect-observation station counts

Habitat development field Investigations, Nott island

Upland Habitat Development Site, Connecticut River, 271
Connecticu Summary reporL L. Jean Hunt, B. R. Wells,
Alfred W. Ford. Vicksburg, MS, U.S. Army Engineer Water-
ways Experiment Station, Environmental Laboratory, August Habitat development field Inveatlailons, Bolivar Peninau-
1978. Technical Report D-78-25 (NTIS No. AD-A059 725). Ia Marsh and Upland Habitat Development Site, Galve-
Habitat development activities following placement of dredged ston Say, Texas. Summary report Hollis H Allen, Ellis J.

material from the Connecticut River in 1975-1976 in an upland Clairain, Jr., Robert J. Diaz, Alfred W. Ford, L. Jean Hunt, B.

disposal site on Nott Island, 10 km upriver from Long Island R. Wells. Vicksburg, MS, U.S Army Engineer Waterways

Sound, are summarized. The sediments were fertilized and Experiment Station, Environmental Laboratory. August 1978

limed and planted with legumes and grasses in late summer Technical Report D-78-15 (NTIS No. AD-A063 780)

1976. Botanical and soil measurements were taken through A 2 5-year field investigation was conducted at Bolivar
1977 to monitor success of vegetation establishment and Peninsula, Galveston Bay, Texas. to test the feasibility and
evolution of soil conditions. Wildlife use of the site was impact of developing marsh and upland habitats on dredged
documented and compared with baseline data. Aspects of material. This report summarizes baseline information derived
engineering, botany, soils, and wildlife are discussed. Dredg- before habitat development operations and the results of
ing and disposal operations were typical of maintenance postdevelopment operations. Two marsh grass species and
projects in the area, with the exception that much of the nine upland plant species including trees, shrubs, and
activity had to be done in winter when weather conditions grasses were planted in test plots on a dredged material site
hindered the work. The sediments made a rather harsh lying between the Gulf Intracoastal Waterway and Galveston
environment for establishment of some domestic plant spe- Bay. Tests were conducted to measure plant survival and
cies, soil salinity was high and acidity low. Grasses establish- performance in response to diflerent fertilizer treatments and
ed themselves and grew better than legumes and achieved 80 planting methods. Plantings were successful in both marsh
percent cover Wildlife response to vegetation establishment and upland. Marsh grasses surviving and performing well
was evident primarily through feeding activity 18 references included smooth cordgrass (Spartna alterniflora) and salt
(Author abstract modified) Appendices to this report repre- meadow cordgrass (Spartina patens) Upland plants demon
sent the following individual studies which provided the data strafing good survival and growth were live oak (Quercus
base upon which much of this Summary Report was devel- vrginiana), wax myrtle (Myrca cerifera) winged sumac (Rhus
oped. Appendix A. Preliminary terrestrial ecological survey, copallina). bitter panicum grass (Panicum amarum) and
by R S. Warren and W A. Niering, University of Connecticut, coastal bermuda grass (Cynodon dactylon var alecia Compo
Storrs, Connecticut (reproduced on microfiche and enclosed nents of the habitat development site. consisting of the planted
in the Summary Report). Appendix B. Survey by R S. Warren, vegetation and sandbag dike, attracted insects aquatic
et al.. University of Connecticut, Storrs, Connecticut (repro. organisms, and birds After less than a year of development
duced on microfi('u, and enclosed in the Summary Report), the site provided heterogeneous habitats which tended to
Appendix C. Postpropagation monitoring of vegetation and support greater use by fish and benthos than is generally
wildlife, by W. J. Barry et al.. University of Connecticut, associated with sandy shores along the Bolivar Peninsula 36
Storrs, Connecticut (printed report) Appendix C is abstracted references (Author abstract modified) Appendices to this
below. report represent the following individual studies which provide

the data base upon which this summary report was devel
oped: Appendix A Baseline inventory of water quality
sediment quality, and hydrodynamics, by J D Lunz. E J

270 Clairain. Jr , and J W Simmers. Environmental Laboratory
U S Army Engineer Waterways Experiment Station (WES),
Vicksburg, Mississippi (reproduced on microfiche and enc-

Habitat development field Investgt*ons, Nott Island losed in the Summary Report), Appendix B Baseline invento-
Upland habitat Development Site, Connectlcut River, ry of terrestrial flora, fauna and sediment chemistry, by J D
Connecti Appendix C: Postpsoplaptlon monItoring Dodd. D J Herlocker. B W Cain. B J Lee. L R Hossner.
of vegetaion and wildliffe. William J Barry, R Scott Warren, and C Lindau, Texas A&M University, College Station Texas
William A Niering, Joan L Tabachnick, Allen C Carroll (reproduced on microfiche and enclosed in the Sumary
Storrs. CT. University of Connecticut, August 1978 Technical Report). Appendix C Baseline inventory of aquatic biota. by J
Report D-78-25 (NTIS No AD-A059 725) M Lyon and K N Baxter, National Marine Fisheries Service,
Two experimental areas were delineated on the site and Galveston. Texas (reproduced on microfiche and enclosed in
monitored for plant establishment and growth The first the Summary Report). Appendix 0 Propagation of vascular
consisted of 96 experimental plots test planted with one of six plants and postpropagation monitoring of botanical, soil,
plant species (tall fescue, timothy, orchard grass, ryegrass, aquatic biota. and wildlife resources, by J W Webb, J D
red clover, and white clover), fertilized, and experimentally [)odd. B W Cain, W H I evens. t R Hossner. C L indau, R
limed The second was the remainder of the disposal area R Stckey. and H Williamson, Texas A&M University. (;ollege
which was fertilized, limed, and planted with a mixture of Station. Texas (printed report) Appendix D ms abstracted
clover and tall fescue Wildlife use of the site was determined below
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and enclosed in the Summary Report), Appendix E. Postpro-

272 pagation assessment of botanical and soil resources on
dredged material, by P E Heilman, et al, Washington State
University, Pullman. Washington (printed report); and Appen-

Habitat development field Investigations, olvar Penlin- dix F Postpropagation assessment of wildlife resources on
sula Marsh and Upland Habitat Development Site, Gelve- dredged material, by J A Crawford and D K Edwards.
ston Bay, Texas. Appendix D: Propagation of vascular Oregon State University. Corvallis, Oregon (printed report)
plants and postpropagation monitoring of botanical, Appendices E and F are abstracted below
soil, aquatic blota, and wildlife resources June 1978
Technical Report D-78-15 (NTIS No. AD-A063 780)

Post development monitoring activities are summarized. Plant
survival and performance in response to different fertilizer 274
treatments and planting methods were measured Soil param-
eters were analyzed and related to plant growth. Aquatic biota
was monitored for invasion and composition. Wildlife observa- Habitat development field Investigations, Miller Sands

tions were made to determine reptile, amphibian, mammal. Marsh and Upland Habitat Development Site, Columbia

and bird use of the site. River, Oregon. Appendix E: Postpropagation assess-
ment of botanical and soll resources on dredged materi-

al August 1978 Technical Report D-77-38 (NTIS No AD-
A062 261).

273 Development of soil characteristics and planted marsh and
upland vegetation were examined at Miller Sands Island, a
dredged material disposal site in the Columbia River. Oregon

Habitat development field Investigations, Miller Sands Soil analyses showed uniform soil conditions with sandy
Marsh and Upland Habitat Development Site, Columbia textures The soil was also very low in organic matter and
River, Oregon. Summary Report. Ellis J Clairain. Jr., nitrogen but had relatively high base sta us and pH the
Richard A Cole, Robert J Diaz, Alfred W Ford, Robert T phosphorus level was higher than levels found in adjacent
Huffman, L Jean Hunt, B R Wells. Vicksburg, MS, U.S Army natural soils. Although marsh soils were somewhat less
Engineer Waterways Experiment Station, Environmental Labo- oxidized at lower elevations, the soil was relatively well
ratory, November 1978. Technical Report D-77-38. aerated and contained no sulfides or nitrates Plant growth

A two and one-half year field investigation conducted at Miller and survival in the marsh indicated significant effects of
Sands Island, a tidal freshwater, dredged material disposal elevation with almost no plants surviving in the lowest
site in the Columbia River, Oregon, is summarized The field elevations planted Aerial biomass production in the planted
study was conducted to determine the feasibility of developing marsh was over five times greater than in the unplanted beach
productive marsh and terrestrial wildlife habitat on dredged area, but about one-third as great as the natural marsh area
material and to determine if development of wildlife habitat is a Fertlization significantly increased growth, seed production,
viable alternative to other dredged material disposal options, and biomass of Deschampsia cespiosa, but had no effect on
This report synthesizes baseline information obtained before Carex obnupta Good plant growth was obtained with most
habitat development operations and the results of postdevel- species planted on the upland area Fertilization was neces
opment operational studies Plantings were generally suc- sary for the establishment of most upland species even
cessful in both the intertidal and upland areas The interidal though competition from invading grasses greatly increased
plantings provided habitat for aquatic and terrestrial animal with application of fertilizer Barley, red clover, while clover.
communities but did not greatly improve or damage animal and bentgrass produced flowers after the first year of growth

populations The planted upland areas were used by water- but seed production was poor
fowl more than upland reference areas, although the number
of avian species was less 28 references (Author abstract

modified) Appendices to this report represent the following
individual studies which provided the data base upon which 275

this summary report was developed Appendix A Inventory

and assessment of predisposal physical and chemical condi
tions, by N Cutshall and V G Johnson, Oregon State Habitat development field Investigations. Miller Sands

University. Corvallis, Oregon (reproduced on microfiche and Marsh and Upland Habitat Development Site, Columbia

enclosed in the Summary Report). Appendix B Inventory and River, Oregon. Appendix F: Postpropagation assess-

assessment of predisposal and postdisposal aquatic habitats, ment of wildlife resources on dredged material May

by R J McConnell, et al , National Marine Fisheries Service. 1978 Technical Report D 77 38 (NTIS No A[) AOf, ft':4

Seattle, Washington (reproduced on microfiche and enclosed Wildlife response to plant propagation on Miller Sands island
in the Summary Report). Appendix C Inventory and assess a dredged material disposal site in the lower (.olumbia Rvet
ment if prepropagation terrestrial resources on dredged was assessed from July 1976 through Au gust 14,77 laW

material, by C D White, et al. Woodward Clyde Consultants. establishmlent was accomplished in late summer and fal o

Portland, Oregon (reproduced on microfiche and enclosed in 1976 Data on birds, mammals and terretrl rna( riioivert)

the Summary Report), Appendix ) Propagation of vascular trates were collected, analyzed, and compared wtlh data fruui,

plants on dredged material by W f Ternyk Wave Reach other regions of the United States Siv habtat types were
Grass Nursery, Florence. Oregon (reproduced on microfiche examined natural beach, marsh upland and tree shrut
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planted marsh; and planted upland. The planted marsh was mammals were trapped, but it appeared that the Townsend's
used by fewer bird species than was a reference marsh; vole population increased in the upland canary
however, a trend developed near the end of the study which grass/fescue/vetch mix. Macroinvertebrate populations in-
indicated that use of both will eventually be similar. Upland creased on the upland. Plantings did not have dramatic effects
plantings apparently increased the diversity and number of on the animal populations monitored. Aviai density and
species which used adjacent upland areas. Waterfowl fed and diversity were mostly unaffected. But in some instances, the
nested in the upland plantings, preferring a bar- number and type of species changed in response to the
ley/bentgrass/red clover mix for feeding and a reed canary
grass/red fescue/hairy vetch mix for nesting. Very few small plantings.
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CHAPTER 9: PRODUCTIVE USES OF DREDGED MATERIAL

Upland Disposal and Land Improvement Concepts

276 278

Productive uses of spoil. In: Disposal of dredge spoil: Feasibility of Inland disposal of dewatered dredged
problem identiflcation and assessment and research pro- material: a literature review. Long Beach, CA, SCS Engi-
gram development, pp. 100-109. November 1972. Technical neers, November 1977. Technical Report D-77-33 (NTIS No
Report H-72-8. AD-A048 203).

A literature review of all factors affecting dredged material
disposal in inland areas is presented. The physical and

Following a discussion of the possibility of using spoil to chemical characteristics of dredged material, inland dredged
create artificial wildlife habitat islands and marshes, the use of material disposal site selection and preparation problems and
spoil for landfill operations, subsidence and erosion control, procedures, basic information presented in the General
mine and pit filling, agricultural land development and en- Research Corp. study of transportation systems for the inland
hancement, and development of products such as bricks and disposal of dredged material, information on inland disposal
building materials is considered. For an overall summary of of dredged material, the total costs of a disposal site, potential
Technical Report H-72-9, see abstract no. 22. environmental problems associated with the disposal of

polluted dredged material and possible controls available,
social factors affecting the feasibility of inland disposal,
institutional constraints affecting its feasibility, and final site
use as it affects feasibility are discussed in separate sections

277 The major findings are that inland disposal is feasible and that
sites can be designed and operated in a manner which is
environmentally sound and socially compatible However,

Land application of waste materials from dredging, minor operational problems may be encountered which can
c truction, and demolition processes Charles R. Lee, be identified only after some field testing of the criteria
Robert M. Engler, Jerome L. Mahloch. Vicksburg, MS. U.S. Furthermore, there is insufficient data available concerning the
Army Engineer Waterways Experiment Station, Environmental quality and quantity of leachate expected from land deposited
Effects Laboratory, June 1976. Miscellaneous Paper D-76-5 dredged material to permit an accurate engineering design of
(NTIS No. AD-A026 842). control systems. 77 references (Author abstract modified) For

a separate section of this report, see the following abstract

The text of a manuscript to be published as a chapter in a
monograph of the symposium entitled 'Land Application of
Waste Materials,' sponsored by the Soil Conservation Society 279
of America, is presented. The paper is divided into two
sections: waste materials generated by the dredging process,
and those generated by the construction and demolition Checklist for determining potential Inland dlspoal altes.
processes. Quantities and the general physical and chemical In: Feasibility of inland disposal of dewatered drecged
characteristics of the waste materials for each process are materil, a literature review, pp 109-146 November 1977
described. The potential use of these materials for land Technical Report D-77-33

application for agricultural production is discussed, and other A checklist providing a step-by-step planning process for
potential uses such as land improvement, wildlife habitat inland confined disposal area selection and final site use is
development, recreational facilities, and industrial and resi- presented it is intended for use as a decision-making tool by
dential landfill are examined The environmental impact of officials who must provide inland sites for the final disposal of
using these materials is described, with emphasis on the legal polluted dredged material and by officials who are required by
restrictions and social and psychological concerns to be state and/or local agencies to develop a site plan or who must
considered. 42 references (Author abstract) meet specific end use requirements The planning process
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considers all factors necessary to provide a cost-effective
disposal site that is environmentally and socially compatible 281
with its surroundings. The checklist is divided into three
sections which together identity a broad range of project and Use of dredged material In solid waste management
disposal site information to be collected and reviewed: (1) a Final report. Michael J Barlos Vicksburg, MS, U S Army
format for gathering general information about the dredging Engineer Waterways Experiment Station, Environmental El-
project; (2) site-specific background data for each candidate fecs Laboratory, September 1977. Technical Report D-77-11

final site identified in the first section; and (3) six basic (NTIS No. AD-A045 509).
categories relating to the feasibility of site use for the disposal The feasibility of using dredged material in solid waste
of dredged material (land use information and institutional management was investigatd from the standpoint that

constraints, physical features, technical considerations, envi- dredged material could be used to replace natural soil as

ronmental and social impacts, public attitudes, and economic borrow or to create land on which to locate solid waste

factors). An accompanying flow chart illustrates the checklist disposal operations. The suitability of dredged material at

organization and the interrelation among the three sections sanitary landfills for uses as cover, gas barriers and vents,
impervious liners, and leachate collection underdrains wasFor an overall summary of Technical Report D-77-33, see suidb oprn rde aeilpoe~swt h
studied by comparing dredged material properties with the

abstract no. 278. properties of soils known to be suitable. It is concluded that
coarse-grained dredged material is suitable for vent decom-
position gases art! ieachate collection. Fine-grained or mixed-
grained materials are shown to be suitable as gas barriers.
impervious liners, and covers. Appendices to this report
present brief descriptions of (1) the solid waste management

280 operations discussed in the report and (2) hydraulic dredging,
dredged material containment, and dredged material dewater-

Dredged material transport systems for Inland disposal ing.
and/or productive use concepts. Paul S. Souder, Jr., Leo
Tobias, J. F. Imperial, Frances C. Mushal. McLean, VA,

General Research Corp., June 1978. Technical Report D-78- 282
28 (NTIS No. AD-A058 432).

The agricultural value of dredged material. S C Gupta,

The results of a study designed to identity and evaluate W. E. Larson, R. G Gast, Sherry M. Combs, R H Dowdy S1
Paul, MN, U.S. Department of Agriculture. Agricultural Retransportation systems applicable for the movement of serhSviNotCnraRgo.Juy97Tcnilsearch Service, North Central Region. July 1978 Technical

dredged material inland are presented. As such, this report is Report D-78-36 (NTIS No. AD-A061 298)
intended to provide the U.S. Army Corps ot Engineers with To study the suitability of dredged material for crop produc-
generalized data to be used in evaluating the economic tion, 10 dredged material samples and 10 marginal soil

potential of inland disposal alternatives for specific applica- samples were collected from locations in the United States

tions across the country. Considerable detail is provided from The soils were marginal for crop production and were of such
both a technical and economic point of view to allow the users character that additions of dredged material might improve
of this report to apply the information presented to their their physical and chemical properties. In addition, three
particular situations. Five basic transportation modes were productive Minnesota soils were chosen as controls Samples

examined: pipeline slurry, rail haul, barge movement, truck of the dredged material, marginal soil and mixtures of the two

haul, and belt conveyor movement. Combinations of these were physically and chemically analyzed prior to and after

basic modes have been considered where appropriate. In this int growth (production) experiments with three crops of
grass and barley. In general. chemical properties of the

study, the only transportation mode that is examined for the dredged material samples did not differ greatly from the

movement of a slurry mixture is the pipeline alternative. For chemical properties of the three productive soils from Minne-
the pipeline movement of dredged material in a slurry state, sota. Three cuttings of ryegrass and two crops of barley were
varying slurry and in situ densities are examined, The other harvested from each of the treatments Yields by plants in the

,ansportation modes are concerned with the movement cf greenhouse were greater for all fine-textured dredged materi-
'taltively dry ma;erial The results presented have been al samples as compared to the coarse-grained marginal soils

s.vp,.iqed fr a generalized application of the movement of Elemental analysis of the plant samples show , at, with the

t'-.tt " ,aterial from point A to point B anywhere across the possible exception of boron in Alabama d Ac d material.

--,fr drwl are to be used as a guide in transportation costs none of the elemental concentrations were higo enough to be
toxic to plants. It is concluded that the dredged material used-jvitiation Appendices contain (1) a review of the in this study would be beneficial for increasing agricultural

- . r iwieen dredging operations and the long-dis- production when mixed with marginal soils Relationships
.• .,'.- ,.vstrm and (2) computer outputs for the most between uptake and the availability of various soil elements

N. Meewoces Sele(.ted bibliography of 161 were developed that can offer guidance in setting the ratio of
v I ,,4fdied) dredged material to marginal soil to be used in the field
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Physical and chemical data, along with the plant growth data, Corps of Engineers and other Federal and State agencies are
were used to develop guidelines for the disposal of dredged the major topics discussed. For an overall summary of
material on marginal soils. Appendices to this report give: (1) Contract Report D- 76-6, see abstract no. 283.
physical characteristics of dredged material, marginal soil,
and their mixtures; (2) clay mineral analyses; and (3)
elemental analyses of plants studied. 74 references. (Author
abstract modified) 285

Institutional factors. In: Socioeconomic aspects of dredged
material disposal: the creation of recreation land in urban
areas, pp. 94-105. May 1976 Contract Report D-76-6

The most important formal or institutionalized aspects of using
Disposal Area Land-Use Concepts diedged materia! for recreational purposes are discussed

These include: financial aid programs (Land and Water

283 Conservation Fund, national urban parks, programs of the
Department of Housing and Urban Development. Corps
programs, and other Federal programs), State programs,

Socioeconomic aspects of dredged material disposal: mechanisms for intergovernmental cooperation, and State
the creation of recreation land In urban areas. Stephen S. regulatory legislation. For an overall summary of ContractSkjei. Charlottesville, VA. University of Virginia, May 1976. Report D-76-6, see abstract no 283
Contract Report D-76-6 (NTIS No. AD-A027 554).

The legal, institutional, sociological, and economic factors

affecting the recreational use of dredged material disposal
sites are presented, with emphasis placed on the factors 286
which would constrain the creation of shoreline or offshore
recreational land. Factors influencing supply of and demand -

for outdoor recreational facilities are discussed The National Sociological Issues. In: Socioeconomic aspects of dredged
Environmental Policy Act of 1969, the Fish and Wildlife material disposal: the creation of recreation land in urban
Coordination Act, and the Coastal Zone Management Act are areas, pp 106-130. May 1976. Contract Report D- 76-6
reviewed in detail to determine what effect they would have on The most important sociological issues surrounding the
the recreational use of dredged material sites. The activity- recreational use of dredged material disposal sites were
specific (market-demand) approach, used to estimate benefits analyzed in the context of two cities, Baltimore and Norfolk
for recreational facilities which could be created from dredged Following an analysis of the distribution of recreational
material, is described and applied to proposed recreational resources in both cities, the use and abuse of selected
uses of dredged material disposal sites in Baltimore, the New facilities in each location were studied. Regression analysis
York region, and the Los Angeles Harbor. Findings indicate was used to determine the extent to which variance in the
that dredged material can be used in an economically feasible variable 'vandalism' could be accounted for by a combination
manner, that derived benefits would be substantial, and that of recreation variables, neighborhood factors, and distance
environmental concerns are not insurmountable. However, from city center Neighborhood factors appear to be of central
financial resources available to local communities could be an importance in explaining vandalism at recreational facilities
important constraint. Appendices to this report present (1) a For an overall summary of Contract Report 1) 16-6. see
summary of the problems and practices associated with abstract no 2183
dredged material disposal for selected Corps of Engineer
Districts and (2) the procedures used to estimate benefits
from the recreational use of dredged material 104 references
For separate sections of the report, see the following three 287
abstracts.

Case studies and comparative analyses of Issues asso-
ciated with productive land use at dredged material

284 disposal sites. Volume 1: Main text. Volume II: Append-
ies A-R. John J C.ushue. 2Kenneth M Kreutziger 'Cam

bridge, MA, Inergy Resources Company, Inc , 'Watertown.
Curnei practices an procedures of the Corps of MA, Susaki Associates, Inc , December 1977 lechrnical
Engin'ers. In Socoeconomimc aspects of dredged matenal Report D 7743 (NTIS Nos AD.A0.Y 386, Volume I, AD 054
dlpposu: tef creation of recreation land in urban areas, pp 893, Volume II)
39-65 May 1976. Contract Report D-76-6. Twelve case studies of confined disposal sites where dredged

Policy areas which would appear to require modification or material from navigation protects was used to create produc
adjustment if the recreational use of dredged material dispos- live land are presented The case studies were prepared to
al sites became widespread are reviewed The permit pro- examine multi-oblective disposal productive ise planning in
cess, general authorization, disposal site acquisition and terms of (1) the sequence of events comprising the planning
development, site selection, and the relationship between the and implementation process. (2) participants in protect plan
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fling/review and their roles and interactions., (3) issues __________________________
addressed during project planning/ review, their importance, 290
and how they were solved; (4) physical planning elements
affecting the feasibility of disposal facility and productive (arid
use plans; and (5) land use planning principles which should Methodology for determination of land value and assocl-
be reflected in proposed productive use concepts. This ated benefits. In: A methodology for determining land value
investigation produced a total list of 37 environmental, and associated benefits created from dredged matenial
technical, economic/financial, legal, institutional, and plan- containment. pp 36 75 June 1978 Technical Report D 78-
ning implementation factors for productive use of dredged 19
material confined disposal areas. The procedural aspects ot A tour-part approach to estimating Valie changes and
each case study are delineated fully in individual case associated benefits or impacts created trom dredged material
synopses contained in Volume 11. Detailed comparative confined disposal is presented The first part is descriptive
analyses of the cases also are included in Volume 11 186 and places the site in the context of its physical, ecological.
references. and legal environment. The second part seeks to ascertain the

use potential for the site upon completion ot placement
operations The third part deals with the determination of site
value chianges as the result ot dredged materiao disposal the

_________________________________________ final part identifies the associated benefits and impacts of

288 confined disposal. The suggested methodology is not an
appraisal procedure but a technique for deriving an estimate

- of value change to a site if it serves as a dredged material
A methodology for determining land value and assocl- confined disposal site An accompanying table lists environ-
ated benefits created from dredged material contain- mental, economic, and social benefits and adverse impacts
merit E. T. Conrad, Andre J. Pack. Reston, VA, SCS applied to the methodology For an overall summary of
Engineers, June 1978 Technical Report D-78-19 (NTIS No. Technical Report D- 78-19. see abstract no 288
AD-AO61 84 1).

A step-by-step methodology for determining land values and
associated benefits from the productive use of dredged 211
material containment sites is presented. A discussion of________ _____________

productive uses and an overview of property valuation. Evaluation of laws and regulatione Impacting the land
including the basic steps involved in making appraisals for use of dredged material containment areas. Jarres C ole
any type of property, are included. Fifteen case studies of Michael Firainard , a Jolla, (,A, Science Applications, inc.
productively used containment sites were conducted toi[ ivironmreital Sciences tDivisioin September 19/It Technical
validate and refine the methodology One of the (lase studies Heport P 78 "5 NT IS No Al) A063 90b1
was used in this report as a site- specific esample of how tI-( uvyapoc a sdi hc eeaSae n
methodology can be applied. All 15 case studies are irncluded loa wreutinanodnncshtcudsgifaty
as Appendices A through 0. For separate sections lot tnre I1 Lssofdee mtracniedipsl
report, see the following two abstracts (Authoir atislt,ii m I le wtrasseiet 115, nii I~ dreis matrie oninced soall

modfie) i era. i,siatiin lei'iatii n foroIm 1hC states, anid ordrrlanrces
&i(! 'eqiilaliw'is lirri seilert iit' anit counties wilthin tfiese

1-, ,tti 'ori .- ws y)(t reqiuratimns tiat were foiili whichi
- lcit iavt ari rnipe i on ln use d'cisions, ticluding

- tfi' V etirt- fbr tinepardlilir' adi review of environmental289 rotialt Ia, e,ifiril, are SLrImarized t ie miist restrictive

I i-v-Sio we' f n(11 i irp 'lleri uhi a series oh scenarios for thre

Productive ues of dredged material sites. In A method [ . 0-i'' iii trililt i' iLis of filleit

ology for determining land value and associated benefits I i., i~i i i.-, W1.1" ii~iiy/ii to a,i , 'i) the

created from dredged material containment. pp 17 , w H i - W'''''of ''i'It' ', ovi' -Flii the Irglal iolrstfinis

1978. Technical report D- 78-19 iOId ) -' f hi i i.Il I' ,,rit a - nd i recoirnmerida

.tIV111 Il - t.1 alit ''It , ]*i~nii w,1- ~, ' o iovel A IH ad (-
Development of a dredged material site Is rIfflieried try liars fii oiver' lid';r ii. ili ('it nih'' lii, IN federal WVateri
several considerations peculiar to the sites themseives I'niliutrir rumnti Ai 1 1uf7 ' Amrnlme'rt' and the 14461, Waler

including site physical characteristics institutuional lIegal, H-iesriii es lanr'q Act 1he rv-ant" i, tiner toI iiment hirs
constraints, and local land demandr I ach (if these i oiiri i'adlnq with letr tinia 1 Hitnurl I 1 y8 ;ifl the synithesis rif

ations is addressed An accompanying table SUMMarIeS lhre rest-ari I, AnI 01 nillinshf (l iiiili'r Tas',t Apoeridwi'i' fur this
productive uses of dredged material (industrial commercial reprt ri-rntaii 1i1l the' key* word list is'd 'f1 researc h of Statf,
municipal/institutional - residential -recreatiomnal WpIN UlitUr lawsI. ,I fte Nra(h of I~yi ,w, id l latonrs of lbs i endea,
at/horticultural transportation, natusral/rien space mulplo' ad1 ',talr iti(iil ', , I"- -ile arid use law rit'ices 14,
use, and material use) in the I Iitedi Sl;tec lii o n ;i ivrarl tit' letle' t ofri'il e' seri 1 ,i-ir', -iunilies arid pnirt iisinr N I
summary of Technical Report 0 78 14 see abstia, I noi ; H ' f th Ie r 'IV drla llrli I ,i -mirislrn~ nIsm 'nalo I(fIl, the'
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matrix showing impact of port district authorities on land use- teasibility of establishing such production on mature sites.
(7) the letter of request sent to U.S. Army Corps of Engineers subject to certain constraints Organizations contacted for the
Districts. (8) the matrix of Corps District responses, and (9) study are listed 17 references FSor separate sections of this
the collation of State laws by Corps District. 227-item report, see the tollowing abstract
bibliography (Author abstract modified)

294
292

[The horticultural Industry: planting and production.
Land use of dredged material containment areas: pro- Marketing.] In: A feasibility study of/lawn sod production
ductive use exampies. Ogden Beeman, Al P Benkendort and/or related activities on dredged material disposal sites,
Vicksburg. MS, U.S Army Engineer Waterways Experiment p 68 aur 95Cnrc eotP7.
Station. Environmental Laboratory, Portland, OR, Bee- p 68 aur 95Cnrc eot[ 1

man/Benkendorf, August 1978 Miscellaneous Paper D-78-4 Practices employed in the United States Ini planting arid
(NTIS No AD-A059 723). producing nursery products, foliage plants, iawn turf Chrnist

Examples of productive land uses of dredged material mas trees, and vegetable ant flower seeds are reviewed, anid

confined disposal areas are documented, The examples, particular factors which potentiaiy impact hlrtcuiural prilduc

obtained from published literature and project descriptions tion on dredged material disposai sites are examineid Iypes

and discussions with people knowledgeable in the planning ofgwesadevlpn func nIhhoiutrl

and execution of dredging protects, are from 19 States and industry are identified Accorrpanying figures show the

six foreign countries. The sites range from those filled over 50 geographic disltbuton of rrajiir hiorticulturai tproducing coun
ties in the Onited States in 1970 andl 191'41 fianges oiccurringyears ago, which have been used productively for many intemrtnginoootioluliaiidcsres

years, to projects in various developmental stages. Projects ined n market orsnofoo orituua wnii hits aet tan

are documented within the following land use categories esdanmrktpssicwhhwllfterfe Iie

recreational, i ndlustrial /commercial, agricultural, institutional, indsr are ~tentav find mle 1ityeo lrod In' th growersIMO
material transfer, waterway related, and multiple purpose inThruhe d itich 1es l reold ar in he rtil stnt
Based on the examples cited and Intornmation analyzed during throughaic tohes nntn, IS111a; r ll IPae aiifrd land
the study, the site selection process is discussed from Cmlicaio To te dnraw li t, It rindS literai wellr tor rdl
historical and modern perspectives Examples ot recent prdutnI iaierls'rra i nralrpir
processes and approaches to candidate site selection imple. seaitiri i
mented by communities in the United States and abroad are eatSro .4

described The need of sponsors or developers to recognize
and deal with a greater number of plannirng conditions to
achieve greater land use intensity is underlined, and conclu- .---

sions are drawn concerning the quality and quantity of 9
literature available on productive land uses and the potential
for achieving productive land uses on dredged material Feddmntaino hipmrciuefai~iyi
Information sources are listed in the Appendix to the repiort dredd monati cotaimn arascAltufaiit In

16 reterences 9 iTemn bibliography (Author abstract rnirditied) Mligi , t iiii III ., iover W I Mn itivnnym I rr'epori IX

I)11w 1 ,lerrinal I! k, A Tex'as I ivis,irn Anijl il'14 I vn 1111 ll a
Fieporl Ii 7R. ')3 NTi la o AtlI Aiil4 W,,'

A fieilt investigaion was condItunI toi verily rI it i a

pirevioius Small scale Study that snowed sn nrire (jSssitlilY ton
using ciirfined disp~osal areas ficr Shrtip r~aini ullufo Seven

Marketable Products Development hrnrdi thirisy rid nuvenile stir irril were s*t de~ if) a 0,( aire

se~tnor of an existing 1fill acre ilniel miaterial tiStinial
291 area Two rnnirrihi latri tihe ',hrnp wer, . iarvestiit aidl leslei

fur suitability for human crisnitiirn arid fur hialt purposes It
_____________________ -n iscniuded that ;hrnmti mann( ultire, III (i rined isposal

Afeasibility study of lawn sod production and/or related areas i,, technic ally tr'asntle ailfi inih Iiiiiimiu leaStiity5
act~vitlies on dredged material disposal sites Cambridge. silsriwrtdpnnei nanritilr iiit ~nlte
MA. Arthur D L.ittle. Inc January 1975 Contract Report D 11 rytmu ttiui h ~ ii qsi r ~ i r~ui iert
I IN TIS No AD A006 609) technic ai anailys;is and a iiimpieti e ofiiiiV( arialySs nut the

The technical arid economic feasibility of using dredged prolie( I ii luhitnn prrlei rins. iof tfie priiitat iii 1i ndevriited
material disposal sites for the commercial production of

t 
lawn toi mIr itine v~nture'. tin ilatile A rei(i inrnienife ilevli

qod . foliage nlants, nursery prorirints I Irristrnas trees, and mental tiiin m li atlai kinu ann( Six n1 lie iial trorutiuive
vegetable and flriwer seeds and truth, wac, studied I rrdtius 1,i i , ,mernn,ri au/at, ilf shninit inh Iire ri rinrl

argue against commeriral tiruniuction of horticunllurr imtps iw ii utSji l areas, I atirnoIit ill rvIeer .I, A dliii ajtistran I
active dredged material dlisposal sites bit niriuate line r"'fii'reul
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CHAPTER 10: AQUATIC DISPOSAL FIELD INVESTIGATIONS

General Studies
considers deep ocean disposal environmental aspects, in-

296 cluding: factors controlling spatial disposition and chemical
fate of dredged material in the deep ocean, disposal environ-
ments in the deep ocean, environmental impacts of theGeneral research plan for the fld Investigationls of dipslfdrgemaralnthdepoahyrbog-

coastal dredged material dlspoeal areal. Paul R. Becker, disposal of dredged material in the deep ocean, hydrobiologi-
Barry W. Holliday, Susan E. Palmer, Robert M. Engler. cal zones as disposal environments, regional assessment of

Vicksburg, MS, U.S, Army Engineer Waterways Experiment deep ocean disposal receiving environments, and suitability of
Station, Environmental Effects Laboratory, April 1975. Miscel- specific environmental areas for disposal of dredged material
laneous Paper D-75-13 (NTIS No. AD-A009 523). Appendices to the report contain (1) the roster of advisory

panel members and (2) EPA 1977 ocean dumping regulations
The asi phlosohy nd enerl aproch wichwil be and criteria. 366 references. 426-item bibliography (Author

used in a large-scale, interdisciplinary, field investigatcin ancrti.36rernes 2-emblogph(Ahr
usedin lare~sale intrdicipinar, feldinvetigton abstract modified) For separate sections of this report, see the

prograrr a, four existing disposal areas in the Atlantic, Pacific,
Gulf of Mexiu o and Lake Erie coastal areas are outlined. The following three abstracts
purpose of the research is to define adequately the environ-
mental impact of the disposal of dredged material in open
water The basic objective of Phase I is to gather baseline
data on the disposal sites and surrounding areas A literature
study will be conducted concurrently. The effects of open-
water disposal of dredged material under controlled disposal 298
conditions will be evaluated in Phase I1. Results of the
program, to be presented in Phase Ill, will include problem EnvIronmental aspects and Impact of deep ocean
identification and delimitation and will establish the bound-
aries within which it is possible to predict impact and recovery dredged material dlepoeal. In An assessment of th
if background information is given for the disposal site and the potential impact of dredged matenal disposal in the open
material to be disposed in it Specific activities occurring in ocean, pp. 154-318. 529-566 January 19ft Technical
each phase and the actual duration of each period are Report D-78-2.
described, and specific parameters to be investigated are
detailed (Author abstract modified)

Physicial, chemical, and biological aspects of deep ocean
disposal of dredged material are examined, and the impor-
tance of long-term vs short-term bottom influences is dis-

297 cussed The location. hydrodynamics, and bfodynamics of the
marine disposal site are reviewed, and components and

An asessment of the potlal Impact of dredged characteristics of marine ecological systems are detailed

material dlepoeal In the open ocen. Willis E Pequegnat, Matter and energy transfers, the sea as an open ecosystem,
David D Smith, Rezneat M Darnell, Bobby J Presley, Robert and marine systems under stress are considered The
0 Reid College Station, TX, TerEco Corp, January 1978 potential physical, chemical, and biological impacts of deep
Technical Report D-78-2 (NTIS No AD-A053 183) ocean disposal of dredged material at and beyond the outer

The potential physical, chemical, and biological impacts which edge of the continental shelves of the United States and its

may occur as a result of the disposal of dredged material in possessions are assessed Finally, categories for ranking

the deep ocean at and beyond the outer edge of the disposal areas are discussed, and the development of various

continental shelves of the United States and its possessions physical oceanographic, chemical oceanographic. geo
are assessed A substantial part of the report is devoted to the morphic/geologic, biologic, and other criteria for site selec
selection and description of oceanic areas (not sites) off I lion is examined These criteria are applied to the 11 deep
subdivisions or sectors of the U S coasts in which specific ocean disposal sectors of the United States For an overall
disposal sites may be selected The main body of the report summary of Technical Report D 18 2. see abstract no P9

?M
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disposal of dredged material on organisms and water qudri

299 is described The study was intended to determine ine
significance of physical, chemical, and biological factors
which influence the r

te of disposal site recolonizatorn byesInhorosoffshoe ecologtil trentd alnd im a orley benthic animals Due to local opposition to the proposed
al.In: An assessment of the potential impact 0f dedg rsacenddegn prtin oee, h td a

material disposal in the open ocean, pp. 319-382. January research and dredgig operation, however. the study was

1978. Technical Report D-78-2. terminated at the conclusion of the baseline studies the

Some of the more important ecological trends are examined resulting data on the hydraulic regime, meteorology sediment

as a basis for zonal analysis. Trends in environmental and chemistry, water chemistry, plankton, benthos, and demersal

biological factor' (phytoplankton, zooplankton, nekton, ben- fish and shellfish at the site were used to describe the
thos) are considered. The outer continental shelf zone, environment at the site and surrounding areas and to make
continental slope zone, and continental rise-abyssal zone are limited assessments of the effects of more than 70 years of
analyzed as disposal environments. Geologic nature, currents disposal This report provides previously unpublished results.
and circulation, and biota are discussed for each zone. For an interpretations, and conclusions not found in the appendices
overall summary of Technical Report D-78-2, see abstract no which were reproduced separately The appendices (abstract
297. ed below) cover (1) the investigation of the hydraulic regime

and the physical characteristics of botlom sedimentation (
water-quality parameters and physicochemical sediment pa

300 rameters, and predisposal baseline conditions of (3) benthic
assemblages; (4) demersal fish assemblages (b) zooplank

ton assemblages and (6) phyloplanklon assemblages 41

Ecosystem dynanm ics and regional aaaeoemot of deep references. (Author abstract modified)
ocean disposal receiving envtronmenta. In: An assess-
ment of the potential impact of dredged material disposal in
the open ocean, pp 382-527. January 1978 Technical
Report D-78-2.

The dynamics of a single section of the ocean, thought of as
10 to 20 miles wide and extending across the outer continen- 302
tal shelf and into the abyss, are discussed. Topics covered
include. the water section as an ecological unit, exchange
processes, residence vs. transience of species, internal Aquatic dleposal field Investigations, Eatone Nock dis-
dynamics (production, consumption, and decomposition, as posal sito, Long Island Sound. Appendix A: Invstigatlon
well as vertical and horizontal transport), system coordination of the hydraulic relime and the physical charactedte
and regulation, and geographic variation. In addition, the of bottom1 siediotentlon. Henry Rlokuniewic.t (atheriie
geomorphology, oceanography/meteorology, and fisheries Bultman. Michael Dowling. Jeffrey Geberi foberi (,ordor,
resources of the various deep ocean disposal sectors of the Peter Kaminsky, Carol Pilbeam New Haven ( T, Yale iiiver
United States are examined Gulf Coast, Atlantic Coast, and sity, Department of Geology and Geophysics Septemetr
Pacific Coast sectors and sectors of minor importance 1977 Technical Report D 77.6
(Alaska. Hawaii, and the U.S Caribbean territories) are
considered For an overall summary of Technical Report D-
78-2. see abstract no 297 This volume presents the results of the investigation of the

hydraulic regime and the physical characteristics of tutlor

sedimentation of the f atons Neck disposa site A(oxisl(
reflection profiles and mechanical analysis if core andt .rat,
samples of the bottom were used to define the sediment type
distribution of the area Results were confirmed by prinetrom

Estons Neck (New York) Field Study eter tests and bottom and profile photographs Snip the
study was made to determine the possible mrinvenent of

301 dredged material placed on the boffom the current, were

studied using both averaging and instantaneoius reci rdimn

A*Wi d poesi Wild IinvetiptliOn, Eaton Neck dft- current meters The study co(miluded that there was ii'

poi aft. Long 1 1 Sound an ee- nnts Invet physical evidence of significant dtsperiofi f dredier(i ia e,

ry. Stephen P Cobb. J R Reese, Mitchell A Granat, Barry W al from the I alohs Ne ck disposal site no previously depositer

Holliday. E H Klehr. Joe H Carroll Vicksburg. MS. U S material was dete ted outside the designated distial area

Army Engineer Waterways Experiment Station. Environmental Appendix A delals navigation procedure, arid pfmran ifi

Laboratory, May 1978 Technical report D- 77-6 (NTIS No A[D buoy construction used in the study Appendix IAf oisists. of
A055 217) the 16 reflection profie photos SedimPnt analysis data ar.

The Eatorns Neck Long Island Sound New York) disposal site presented in Appendix (, Apperidir (. showtS the priofile
held investigation, conducted to evrlu,ie the effeitrs f

t 
aqui ir carners photos and Apperdix shows the titlorr pho s

' ,.



The silt-clay or mud sedimentary environment is the largest

303 benthic habitat in the Eatons Neck disposal site. extending
over most of the site except in the vicinity of reefs. The mud
sediments harbor a relatively distinct macrobenthic assem-

Aquatic disposal field Investlgations, Eaton. Neck die- blage dominated numerically by the polychaetes Mediomas-
posal dlte, Long Island Sound. Appendix B: Water-quality tus ambiseta and Nephrys incisa and the bivalves Muhnia
parameters and phyalcocherlcal sediment parameters lateralis and Nucula proxima. In the sandy environment of
Stony Brook, NY, State University of New York at Stony Budd Reef in the northern corner of the site, the crustacean
Brook, Marine Sciences Research Center, January 1978 Hutchinsoniella macracantha, and polychaetes M. ambiseta
Technical Report D-77-6. and N. incisa, the bivalve Te/na agihs, and the nemertean

Seven oceanographic cruises and three sediment coring Tubulanus pellucidus were the most abundant secies. The
cruises were conducted in western Long Island Sound to sand assemblage occurring at Cable and Anchor Reef in the
assess the baseline water column and sediment properties extreme eastern section of the site was dominated by the
near the Eatons Neck disposal site. The following points annelids M. ambiseta, Aricidea cirrut, and Polygordius tnest-
summarize the main findings: (1) Water chemistry data nus, oligochaetes, nematodes, the bivalve T agis, and the
indicated that there were various types of spatial gradients in amphipods Ampelisca vadorum and Phoxocephalus holbo/hl
the central sound. However, it appeared that factors other The mud assemblage generally had lower species diversity,
than the presence orf dredged material at the disposal site, biomass, and density of macroinverlebrates than the two sand
e g, river dischages containing sewage effluents and other assemblages. Deposit feeders were typically the most abun-
chemicals, could explain these gradients There appeared to dant species in all assemblages Temporal changes occurred
be no malor differences in chlorophyll a, dissolved oxygen, in benthic species composition and abundance The meioben-
and dissolved and suspended metals between reference thos was dominated by nematodes and harpacticoid cope-
station A and disposal site station DSA. Particulate carbon pods.
and nitrogen were higher at the reference station than at the
disposal site in March and May. However, interpretations of
the water chemistry data are unclear because daily temporal
variation was not adequately separated from spatial variation 305
due to a lack of synoptic data (2) There were no significant
differences between reference station A and the disposal site
stations for sediment mineralogy, bulk sediment, and intersti- Aquatic disposal field Invelstigatons, Eatone Neck die-
hal water metals (with the possible exception of zinc and posal sit, Long Island Sound. Appendlx .Pre-dispoet
manganese), oil and grease, and cation exchange capacity boselin5 conditions of demeiual fish assembag. Rob.
Ammonia, organic carbon, organic nitrogen, and pH, how- ert J Valenti, Stephen Peters Montauk, NY. New York Ocean
ever, were all higher in the sediments at the disposal site than Science Laboratory, September 1977 Technical Report D-77-

at the reference station Sediments at the reference station 6
were more fine grained in the upper 10 cm than at the This report presents demersal fish sampling data at the Eatons
disposal site These differences are probably due to the larger Neck disposal site The spatial and temporal distributions of
amounts of organic matter in dredged material at the disposal the more abundant demersal fish are discussed The food
site No dissolved oxygen depletion was noted in the bottom habits of eight benthic foraging fish species are also present-
water at the disposal site. however (3) It appears. in ed Data on lobsters include monthly histograms denoting
summary, that any effects of the presence of dredged material spatial and temporal distributions, male-female ratios, and
at the site on nutrients, metals, and other chemical variables in relative abundance of exploitable legal-sized lobsters The
the central sound are minimal and are probably oversha- report concludes that the disposal site is a valuable area with
dowed by effects of sewage effluents and other river inputs regard to fishery resources Throughout the sampling, with

few exceptions, the site accounted for the largest catches of
fish It was also found to be a prime lobstering area and
accounted for 91 3 percent of the total number of lobsters

304 collected The study recommends that prime consideration be
given to lobster fishery in any future disposal operations. since
it represents the most utilized resource of the areaAquati dlpoea field Investigatons Eatone Neck dos-

posel sie, Long Island Sound. Appendix C: Pre-dlspoial
beelie conditlons of bentbll aseemblages. D Keith
Serafy. David J Hartzband, Marcia Bowen Montauk, NY, 306
New York Ocean Science Laboratory. November 1977
Technical Report D 7 6
Data from a baseline survey of macrobenthic and meiobenthic Aquefti disposal field 1invetaons Eaton Mck die
assemblages inhabiting the disposal site and immediate poel sfts Long Island Ilound. Appendix E: Pro-dieoW
vicinity of western Long Island Sound were used to describe h - 0 1 - conftMO - of zooplenkton s semblag Ronald
the benthic assemblages of a disposal site that had received I Caplan Montauk, NY. New York Ocean Science I aborato
dredged material and other substances for a period of about ry. September 1977 Technical Report D 77 6
71 years, t902 to 1913 No dumping had taken place at the A zooplanklon and ichthyoplankton study was initiated in
ite for about one year prior to collection of the baseline data October 1974 for the purpose of establishing a baseline data



bank at the Eatons Nerk disposal site A control site was also appears that there is little difference in the composition and
studied During the 9-month study, a total of 147 samples abundance of the phytoplanklon found at the three stations
were taken at each of three stations (two disposal sites and
one control) Concomitantly. temperature and salinity profiling
was done AcatTia tonsa was common throughout the first 6
months of the study with densities as high as 500,000
individuals/ 1000 m3 A plankton bloom occurred in popula-
tions of several copepods (including copepodids). Acardia
clausni, Temora longicornis. and, Acartla spp copepodids. Columbia River (Oregon) Field Study
Meroplanktonic Crustaces, Canda (shrimp). and Brachyura
(crabs) became abundant (greater than 100,000 individu- 308
a1s/1000 m 3

) in April and May, respectively. There were two
blooms of Cladocera during 1975. one in February (1000
individuals/1000 m3) and one in June (1,000,000 individu- Aquatic disposal field InvestIgations, Columbia River

als/1000 m
3). Evadne sp dominated the first bloom, and disposal lto, Oregon. Evaluative summary. Charles G

Podon the second. Polychaeta larvae were not common at Boone, Mitchell A Granat, Miciael P Farrell Vicksburg. MS.

any time during the study The first fish eggs obtained in this U.S. Army Engineer Waterways Experiment Station, Environ

study were collected in February 1975 at both control and mental Laboratory, May 1978 Technical Report D.77.30

disposal sites. They belonged to the four-bearded rockling, (NTIS No. AD-A056 925).

Enchelyopus cimbrus. Larvae of the winter flounder, Pseudo- An overview of a study conducted to determine the physical.
pleuronectes americanus, and the sand lance. Ammodyfes chemical, and biological effects of open-water disposal of
hexapterus, were also collected with the former being present dredged material in the nearshore Pacific Ocean adlacent to
at the control site only. The spring pattern of ichthyoplankton the mouth of the Columbia River in Oregon ;s presented The
abundance included the eggs of Enchelyopus cimbrius, investigation also involved the monitoring of dredged material
Scomber scombrus, and Scopthalmus aquosus Myoxoce- disposal at a designated disposal s!,b and an estimation of the
phalus spp. and Pseudopleuronectes americanus larvae were short-term impacts of the disposal operation and the subse
also collected. The summer chthyoplankton fauna included quent recolonization of the area Conclusions indicate that the
nine species of eggs and larvae with the first appearance of disposal effects were mainly physical and biological in nature
the butterfish, Peprlus tnacanthus The winter patterns of Appendices to the report (abstracted below) describe (1) the
copepod abundance indicated two important findings. (1) investigation of the hydraulic regime and physical nature of
There was a copepod bloom in December 1974. 6 weeks bottom sedimentation, (2) water column, primary productivity
before the spring diatom bloom. (2) Copepod densities were and sediment studies. (3) the effects of dredged materal
maximum at depth during the November diurnal, indicating a disposal on benthic assemblages. (4) zooplankton and
reproductive strategy not previously reported ichthyoplanklon studies, and (5) demersal fish and decapod

shellfish studies 27 references

307 309

Aquaet disposal flild Inweisatlonsi Eatonts Heftc dieW qU ipslfed veialn lml ie
poeal sfte, Long Island Sound. Appenidil F: Prea-disposal Auf dispo site, eldApexA Investi gationClubi Rivter
baseline Conditions of phytoplaniton aeeemblles. Rob- hdmic rt. Oreo. Andppesix A: Invusrelato of edi-
ert Nuzzi Montauk. NY. New York Ocean Science Laborao- ynatioln richad W hsia tenbe Jof bottom Wili

llmtstkon. Richard W Sternberg Joe .F (,,eaqer Wii,a-,
ry, September 1977 Technical Report D-77-6 Glassley, Janice Johnson Seattle, WA t iniversity .of Washi j.

This volume presents the results of an investigation to ton. Department of Oceanography. December 1971 Ti.iii,

determine the baseline conditions of the phyloplankton popu- cal Report D-77 30

lation at the disposal site for future comparison with similar A two-part study was conducted in a region seaward ofi the
data collected after the disposal of dredged material The Columbia River where .fisposal of large quantities of dredged
ultimate objective is to determine the effects of the open-water material has occurred ovur the last sevw, liti.ades The first
disposal of dredged material on the phytoplanklnn population part included repeated bathymetric surveys arnd samplng for
located within the area of the Eatons Neck disposal site By distribution and seasnoal variations of sediment texture arid
using the Shannon-Weaver and the Simpson indexes it was minenalogy The second part was related to an ex-,erim.nt in
determined that little variation existed in the diversity of the which 600.000 cu yd of material dredged frrm the .(iiluntia
phytoplanklon population at each station (EN 1, EN2, and EN3) River estuary were dumped at a specially designaled site

and depth measured The exception to this occurred in the which was monitored before during and after dmrp .r
October and June sampling periods when stations EN I and Sedimentological data show that deposits of dredged material
EN2 showed distinctly different diversities for the surface, can be identified relative to the Siirrouncing sxediments,  titwy
mddepth. and near-bottom samples The diversity of the tend to maintain their identify for many years and disperse
population at station EN3 was approximately equal for each northward at approximately 01 nmi per year At the eper,
depth The study concludes h at. aftough it is dlfficuff to draw mental disposal site the volume of the bottom driot wis f.
any conclusions prior to a more thorough statistical analysis. i percent of the total material dumped (,al-ulflt,(rirr of hedlrad



transport rates, based on seasonal measurements of bottom in sediment characteristics and not increased turbidity from
currents, suggest that 830 cu yd of material (0.2 percent of the the disposal operation or introduction of pollutants or organic
total) spread northward from the site about 0.25 nmi per year. matter. Repopulation of benthos into the affected area was
This is similar to the rates determined by the sedimentological probably accomplished primarily by benthos burrowing up
techniques. The coherent and complementany nature of the through the dredged material or benthos migrating into the
results emphasizes the value of combining both descriptive area and, to a lesser extent, reproduction and recruitment of
sedimentological techniques and measurements of oceanic benthos from outside the area. There was very little evidence
processes for monitoring and predicting the fate of dredged for transportation of benthos to the experimental disposal site
material. For an evaluative summary and interpretation of all via dredged material. For an evaluative summary and interpre-
studies conducted at the field site, see abstract number 308. tation of all studies conducted at the field site. see abstract

number 308.

310 312
312

Aquatic dipsl fiel iratlallos Columbia Rhr=.
diepelad ofte, Oregion, Appendix W. Water column, pri Aquatic disposal field investiligationis, Columbia River
molfproductivity. an seimn stdl Robert L. Holton, disposeal sidle, Oreglon. Appendx E: Doero fihad

Norman H Cutshall Louis I Gordon, Lawrence F Small, decaped aellfish studles. Joseph T Durkin, Sandy J
Corvallis, OR. (,. 'igon State University. School of Oceanogra- Lipovsky. Hammond, OR, National Marine Fisheries Service,
phy. June 1978 Technical Report D-77-30. November 1977 Technical Report D-77-30

This appendix describes the study plan and the sampling and Information is provided on 51 finfish and 13 decapod shellfish
analytical methods used for water column, primary productivi- found at five sites off the Columbia River mouth The effects of
ty. and sediment quality investigations of dredged material a controlled sediment release by hopper dredges on these
disposal in the Pacific Ocean near the mouth o The Columbia indigenous species were studied Numerically important
River Few data are presented since the data are stored in the species were anchovy, smelt, sole, poachers, snailfish.
computer at the U S Army Engineer Waterways Experiment shrimp, crab, tomcod, and sanddab Nonparametric lest
Station However, some of the data are summarized in figures indices of community diversity usually decreased at the
included in this report The study concludes that the disposal experimental test site during and after sediment deposition
of clean sand in an open-water area has little effect on the However, diversity indices subsequently recovered Charac-
levels of the various potential pollutants, either in the water teristics of dominant species are described including size
column or in the sediments in the disposal area For an range, food preference, and seasonal availability Using data
evaluative summary and interpretation of all studies conduct- on dominant species, statistical tests indicated catch differ-
ed at the field site, see abstract number 308 ences usually occurred between sites and between months,

further, individuals at the test site were smaller Tests were
limited by small numbers of species and individuals taken at
the test site during and after sediment deposition Finfish food

311 studies revealed preferential feeding habits where consump
tion of small organisms diminished and utilization of shrimp
and anchovy increased The experimental release of sedi-

Aquatic deposat fild IflvestItljo Colun th Rive ments was detectable by diversity indices For an evaluative
dI ;on ofte Ofego. Appendix C: The efflets of summary and interpretation of all studies conducted at the

dgd isll disposal on bIo field site, see abstract number 308
Michael D Richardson. Andrew C Carey, William A Colgate
Corvallis, OR, Oregon State University, School of Oceanogra-
phy. December 1977 Technical Report D-77-30

The oblectives of this study at the mouth of the Columbia River
were to identify and determine the significance of physical,
chemical, and biological factors that govern the rate at which
open-water dredged material disposal sites are colonized by Ashtabula (Ohio) Field Study
benthic assemblages In baseline investigations, the distribu.
tion, community structure, and seasonal constancy of these 313
assemblages Were related to the distribution of sediments and
organic matter, the stability of sediments, and changes in
sediment characteristics due to Ihe deposition of fine-grained A displn fleld Inveetlgato, Ashtabula 1 is
material from the Columbia River The deposition of dredged dposal oft. Ohio. Eval1ustve summary. Robert A Swee
matenal significantly increased diversity and evenness values ney Buffalo, NY. State University College at Buffalo, Great

and reduced the density of macrofauna Of the 33 most Lakes laboratory. June 1978 Technical Report D 17142

abundant species, I species had significantly lower abun. (NTIS No AD-A055 865)
dances at stations exposed to direct dredged material A summary of the physical chemical. and biological studio3
deposition The effects of dredged material disposal on conducted at the Ashtabula River (Ohio) confined disposal s'te
benthos were related to direct burial of bentlhos and changes to determine the effects of open water disporill of dredged



material in this lacustrine environment of Lake Erie is present- before, during, and after disposal operations at the disposai
ed The data indicate that the impacts on the water column sites and at reference stations Thie various hydraulic, seal
including the phytoplankton and zooplankton communities mentologic, and limnnologic data gathered from the site and
were short-lived While the benthos as welt as the chemical analyzed include bathymetry and sub-bottom profiles current
and physical nature of the sediments were altered. predispo- sedadircontmpauead asislywhn
sal conditions generally were reestablished within a year after sped wandr dcon, taeperatrsis andor trnmsdimenwth
the release of the dredged material. Storm event related thwaecounwvehrceiscsbttm edet
erosion of the dredged material appeared to be a major factor characteristics and distribution, water levels of [ ake Erie and
in the recovery of the area. There was no evidence of flow rate and suspended sediment load of the Ashtabula
accelerated uptake of heavy metals by fish or benthos as a River The study indicated that the dredged material disposal
consequence of disposal. Harbor macroinvertebrates. trans- operations had little effect on the physical nature 0f the air-a

ported with the dredged materials, did become established in The localized increases ?r temperature. turbidity and (ur rents
the deposition area With the exception of the latter, the reSUring from the Oescehding materi,!i were quit-, tiansenii
observed impacts are similar to those rioted in studies arid the conditions generally returned to anrbien with tr an
conducted to evaluate the impact of dredged materials on the hour The resulting sediment piles or! the lake tiott)m Wer.
marine environment Appendices to this report discuss (1) the ls hn05mtik rdwr ujc oec~nlo
planktonic communities. benthic assemblages. arrd fishery at esta hik rdwr ulett i~~iiu
the site; (2) the investigation of the hydraulic regime and cuirrents and waves The currents were tthe main cause of
physical nature of bottom sedimentation; and (3) the investiga- erosion as most of the wave energy did not penetrate to tie
tion of water-quality and sediment parameters 46 references, bottom. Most of the sediment erosion and subsequent
(Author abstract modified) transport occcurred during storms when current speeds arid

wave heights were greatest Analysis of bottom sedirtient
cores revealed that the dredged material was difficult to
distinguish from the original lake bottom, indicating that the

314 disposal operation produced only mininral changes mn the

________________________________________ hysicali nature of the sediments in the area For an evaluative
Aquatic disposal field Investigations, Ashtabula River summary and interpretation of all studies conducted at the
disposal site, Ohio. Appendix A: Plankctonic communi- field site, see abstract number 313
ties, benthic assemblagers, and fishery. Robert A S wee-
ney Buffalo, NY. State University College at Buffalo, Great
Lakes Laboratory, July 1978t Technical Report D-77-42

An investigation to evaluate impacts of the release of dredged
material on phyloplankton. zooplanktori. benthic macroinver- -_________-

tebrates, and fish was conducted in Lake Erie off Ashtabula, 3 15
Ohio. The pelagic biota (phytoplanktori, zooplanktori. and fishi)
along with primary productivity were nty mildly impacted and-
recovery was relatively rapid The beirthic communities were Aquatic disposal field investigations, Ashtabula River
altered with the decline of some species arid introduction of disposal site, Ohio. Appendix C: Investigation of water-
new fauna transpoted from t1he diedged sites Within a year qualty and sediment parameters. Ititier I' yri Ioitwi
species diversity had largely returned to pre disposal levels A Sweeney FHuffairi N.~ State unriversity ( illeqe at Hiiflait,
However, the community structures were slightly altered Gireat l akes I aboratory. July 1978 Technti al Report 11 77 All
These changes were similar fri those rioted ini marine
enivironments expriseri to dredged material F ofi an evaluative
summary and rnterpretatirt ott all stiudies (oundUIifed at the Art invest igationi iti evaluate mtpacNs of the 'eivam, 0t (Vdreite
field site, see ahsIrMI 1~timbr 1fi material ont iftemuta! aspects of the aquati( arit tietititi

erivarinirierits wasl t,utifticte ti I ake I rie off Aslatitf. )il
I lie impact tin the water coltiri was f itor ivedt Wrt -a retir it

3 1"1 i4, amhient pre dispirsal tittiditittis fur 'liot paramreters writS~r
901 minutes after 'elease O iftt drr( J,~.inla~so

l-listitlal eat'' uqerieialiy itisitaitrif .,i les! fiat, d (ays after
Aquat disposal field Investlgatlons, Ashtabula River Itsposat t ho Pierifti rt,lfIn wa, tre mist ifft- bit- ni
disposal @It*, Ohio. Appendix 0: Investligation of the It-oi iii cheni PAo aQp% A 'ptt'' Mt pro, ttql.otai itid
hydrauic regime and physical nature of bottom sedi- 'tons tid o(tin i Cii a yetir 1rirrnitit du in ,"tir- t er
en4Willor. i j luirwh. H~F- Atlier, P P' P'aly H (, wsn fC.v Pas ' ,In

Johnson F de t ibero J IYnt F T i ovrrrn Northbirook. wsn vl'i irpv~ o~~a itttti li'

It .Nalco [ rivironmertIal 1~~te.obr411 eTititit at i ntiSi t'a tis.terti ifsPi Vio
Rieport 0 N 4, "tate' al A 

t
trltffi t e ieaatt 'i i."

An investigation itt the hyitrajiti 1-4,Me srt physita " tjit ire ti t etiy Si itty as.wsd'eI sioia ttitte

bottom sedimentatio n *a,, iciridi tPed it I ake I 'f no ear the "Olo 5iuCl htianqws hiur r'pri Iii ''aJ. i .. i
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and post-disposal phases of the study The differences

determined are discussed in light of the hydraulic regime
present Estimates of current velocities required to redistribute
bottom sediments are based on comparisons between flume
experiment studies and on-site current meter data Available
data indicate that dredged material has been eroded from the

Galveston (Texas) Field Study shallow water portion of the site and has been transported in a
downcoast-offshore direction; little erosion was noted in the

317 deeper, offshore disposal sites. For an evaluative summary
and interpretation of all studies conducted at the field site, see
abstract number 3 17.

Aquatic disposal field Investigations, Galveston, Texas,
offshore disposal sits. Evaluative summary. Thomas D.
Wright, David B. Mathis, James M. Brannon. Vicksburg, MS,
U.S Army Engineer Waterways Experiment Station, Environ- 319
mental Laboratory, May 1978 Technical Report D-77-20
(NTIS No. AD-A061 844).

A summary of the results of a comprehensive investigation of Aquatic disposal field Investigations, Galveston, Texas,
the physical (sedimentological), chemical, and biological offshore disposal site. Appendix B: Investigation of
impacts of dredged material open-water disposal off the shore water-quality parameters and physilcochemical parame-
of Galveston, Texas, conducted in 1975 and 1976, is ters. G Fred Lee, Pinaki Bandyopadhyay, Jeannie Butler.

presented. The study involved detailed monitoring of the David H. Homer, R. Anne Jones, Jose M. Lopez. George M

disposal of small amounts of highly contaminated material Marian, Cameron McDonald. Michael J. Nicar, Marvin D

dredged from the Texas City Turning Basin, as well as clean Piwoni. arda Y Saleh Richardson, TX, University of Texas

and sandy silt from the Galveston Bay Channel, Results of this at Dallas, Center for Environmental Studies. December 1977
research will be usefuj or) a regional basis for evaluating the [etnical ~epci, D- 7721)

possible environmental impacts of open-water disposal in A study was conducted on the environmental impact of the

shallow Gulf of Mexico environments Appendices to this chemical contaminants present in dredged sediments which
report (abstracted below) describe: (1) the investigation of the were dumped at the site in the Gulf of Mexico A series of pre-
hydraulic regime and physical nature of sedimentation, (2) the disposal surveys was conducted to establish background
investigation of water-quality parameters and physicochemi- data on the characteristics of the disposal site water column
cal parameters; and (3) the investigation of the effects of and sediments Nine dumps of dredged sediments were
dredging and dredged material disposal on offshore biota 19 monitored, with samp! -ig sites generally located 100 to 200
references, meters downcurrent from the dump sites Post-disposal

surveys were conducted to determine if the chemical contami
nants present in the disposed sediments had residual effects
on water quality The heavy metals, copper cadmium.

318 mercury, lead, nickel, zinc. chromium. iron. manganese, and
arsenic, aquatic plant nutrients, such as nitrogen and phos
phorus compounds toxicants. and other parameters, such as

Aquatic disposal field Investigations, Galvestlon, Texas, oxygen demand and sulfide, were monitored before, during,
offshfore disposal ia. Appendix A. Investigation of thi and after disposal Each disposal operation resulted in a
hydrulIc regime and physical nature of sedimentation, turbid plume containing a small amount of finely divided
E L Estes. R J Scrudato College Station. TX. Texas A&M dredged sediment which moved from the disposal site with
University. Moody College. Department of Marine Sciences, the current This turbid plume was rapidly dissipated or
December 1977 Technical Report 0 77-20 transported from the sampling area No residual effects were
This report presents the results of an investigation of the focund a few hours following cessaton of disposal There was
geological processes of depositon, erosion, and transport of release of sntme contaminants such as ammonium and
dredged material within the area of the Galveston offshore manqariese associated with the turbid plume The contami
dredged material disposal site This study involved two major riant concentrations found were generally below those ,nown
phases a pilot study designed to rapidly survey the site and toi cause water quality priolems considering the time and
environs, and an experimental study to delineate natural ciincentraion relationships existing for organisms inhabiting
changes in the physical and geologcal characteristics of the fhe water column at or near the dispsal site Most contami
study area after disposal had occurred The latter study nants studied were not released with passage of the turbid
involved the montorng of dredged material disp)sal at plume Sediment studies showed that disposal of Galveston
selected locations to determine the physical geoloical pro liay f ritrance Channel sedinents drid not Rignificantly change
ceases active Control sites were also monitored for compar The overall c'hemical( t-haracter istic of the sediments Overall

son Hydrographic date were collecled to delineate current the study has, 
shnwn that op en water disposal of these

and wave effects within the site, and 'tme ePpernlients were sediments would not be eper-ted in t lvs a sjqnfitant
conducted to determine the hydreulynar,c characteristics of adverse effiet on water qualtv it the i Daivestron Elay f ntrance

dredged material placed in the area ( ,omparisins are made I tarPIne offshite rlispi,,al site water i iuhmrn I or an Pvalun

between sediment and carbonate (on( entratiuns anit tathy -,vi qurrin-r y .mud 0rtempretahruur -I all stu,des ( nrtucled at the

metric differences evident ir mn data collerted diur 1,q rhe t. a ',,id ie!ne at,rrac' rlrf-n 'I I



material dumped during the study did not have a lasting
detrimental effect on the demersal fish and shellfish popula-
tions at the disposal site. For an evaluative summary and
interpretation of all studies conducted at the field site, see
abstract number 320.

Duwamish (Washington) Field Study

320 322

Aquatic disposal field Investigations, Duwamlah Water- Aquatic disposal field Investigations, Duwamlsh Water-
way Disposal Site, Puget Sound, Washington. Evaluative way disposal site, Puget Sound, Washington. Appendix
Summary. Final report. Henry E. Tatem, Jeffrey H. Johnson. B: Role of disposal of PCB-contamlnated sediment In the
Vicksburg, MS, U.S. Army Engineer Waterways Experiment accumulation of PCS'i by marine animals. Virginia F.
Station, Environmental Laboratory, June 1978. Technical Stout, Laura G. Lewis. Seattle, WA, National Marine Fisheries
Report D-77-24 (NTIS No. AD-A058 445). Service, Northwest and Alaska Fisheries Center, November

An overview of a multidisciplinary study of the physical, 1977. Technical Report D-77-24.
chemical, and biological effects of disposal of contaminated This report describes studies concerning the possible transfer
dredged material from the Duwamish River on a deepwater to marine animals of polychlorinated biphenyls (PCB's) as a
disposal site located in Elliott Bay, Puget Sound (Washington), result of the open-water disposal of PCB-laden dredged
is presented. A total of 114,250m3 of contaminated dredged material. The PCB content of indigenous animals, English sole
material was involved in the disposal operation. Appendices (Parophrys vetulus) and Alaska and Oregon pink shrimp
to this report (abstracted below) discuss: (1) the effects of (Pandalus boreahs and P. jordani), and animals caged at the
dredged material disposal on demersal fish and sheitfish in site, spot shrimp (P. platyceros), sea cucumber (Parasticho-
Elliott Bay; (2) the role of PCB-contaminated sediment in the pus cahfornicus), and mussel (Mytilus edulis) was determined
accumulation of PCBs by marine animals; (3) the effects of It was not possible to ascertain whether or not marine animals
dredged material disposal on the concentration of mercury concentrate PCB's as the result of deposition of PCB-laden
and chromium in several species of marine animals; (4) dredged material, The small increase in PCB level observed in
chemical and physical analyses of water and sediment in mussels may have been related to the flux of PCB's resulting
relation to disposal of dredged material; (5) release and from the disposal operation. Alternatively, it may be issued
distribution of PCBs induced by open-water dredge disposal from the PCB burden normally carried downstream by the
activities; (6) recolonization of benthic macrofauna over a Duwamish River. These data indicate that no obvious changes
deepwater disposal site; and (7) resulting benthic community have occurred in the PCB levels in marine animals in Elliott
structural changes. 26 references. Bay as the result of depositing PCB-laden dredged material at

the experimental site For an evaluative summary and inter-
pretation of all studies conducted at the field site, see abstract
number 320

321

Aquatic disposal field Investigations, Duwamish Water- 323
way disposal site, Puget Sound, Washington. Appendix
A. Effects of dredged material disposal on demersal fish
and shellfflish In Elliott Bay, Seattle, Washington. John R Aquatic dispoeal field Investigations Duwamish Water-
Hughes, David A Misitano. Warren E Ames, George F way disposal te, Puget Sound, Washington. Appendix
Slusser Mukilteo, WA, National Marine Fisheries Service, C: Effects of dredged material disposal on the concen-
Northwest and Alaska Fisheries Center. May 1978 Technical tration of mercury and chromium In several species of
Report D-77-24 marine aninals. Fuad M Teeny. Alice S Hall Seattle, WA.

A cooperative research program was conducted in Elliott Bay National Marine Fisheries Service, Northwest and Alaska
near Seattle. Washington, by the National Marine Fisheries Fisheries Center, November 1977 Technical Report D-77-24
Service of the National Oceanic and Atmospheric Administra- Specimens of five species of marine organisms idigenous to
lion to determine the effects of dredged material disposal on Puget Sound were collected over a period of nine months for
demersal fish and shellfish at the Duwamish Waterway mercury and chromium analysis The specimens were collect-
disposal site Catches of both fish and shellfish were inconsis- ed from two evironmentally similar sites in Elliott Bay. the
tent at the disposal and reference sites with respect to both disposal site for 'polluted' dredged material from the Duwam.
numbers and species, indicating a seasonal fluctuation in both ish Waterway and a reference or control site Mercury and
abundance and composition The experimental design and chromium concentrations in English sole (Parophrys vetulus).
inherent differences among the sampling sites made it difficult Alaska and Oregon pink shrimp (Pandalus boreais and P
to determine whether the catch differences were attributable jordant). spot shrimp (Pandalus ptatyceros). sea cucumber
to effects of the dredged material disposal or simply manites lWarasftichopus cahfornicus), and mussel (Mylius eduhs) were
tations of population fluctuations due to migratory behavior not significantly different between the two sites In all samples.
patterns If was concluded that the quantity of dredged the levels of mercury and chromium were low and did not
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exceed 0.10 ppm for mercury and 0.91 ppm for chromium. This report presents results obtained in a study conducted to
These data suggest that the disposal operation had no evaluate the extent and duration of changes in chemical
apparent effect upon the mercury and chromium concentra- characteristics of Elliott Bay, Washington, six and nine months
tions in the five species of organisms studied. For an after disposal of dredged materials from the Duwamish River.
evaluative summary and interpretation of all studies conduct- The seawater, sediment, and interstitial water were analyzed
ed at the field site, see abstract number 320. for the following chemical parameters: (1) Seawaters Sus-

pended solids, arsenic, manganese, mercury, reactive sili-
cate, inorganic phosphate, nitrate, and ammonia. (2) Sedi-
ment: free and total (acid soluble) sulfide, manganese,

324 chromium, arsenic, mercury, and particle size. (3) Interstitial
water: arsenic, manganese, reactive silicate, ammonia, and
inorganic phosphate. Temporal, depth, and spatial changes in

Aquatic disposal field Investilatons, Duwamish Water- concentrations of chemical variables were evaluated at
way disposal site, Puget Sound, Washington. Appendix disposal and reference sites. The results of analyses showed
D: Chemical and physical analyses of water and usd- only minimal changes in trace metal concentrations in the
mint In relation to disposal of dredged material In Elliott water column above the disposal site, but lower Eh and pH
Bay. Volume I: February-June 1976. D. J. Baumgartner, D. values in the sediments than at the reference site. The
W. Schults, J. B. Carkin. Corvallis, OR, Environmental Protec- manganese, inorganic phosphate, and ammonia concentra-
tion Agency, Corvallis Environmental Research Laboratory, tion values were greater in interstitial waters at the disposal
Marine and Freshwater Ecology Branch, June 1978. Techni- site than at the reference site For an evaluative summary and
cal Report D-77-24. interpretation of all studies conducted at the field site, see

abstract number 320
Appendix D, Volume I, describes the chemical effects of the
deposition of over 100,000 m

3 
of dredged Duwamish River

sediment. Results obtained by monitoring physical and chemi-
cal parameters in the water column and sediment were
evaluated to gain insight regarding the effects of dred-;ed
material disposal in open estuarine waters. Parameters 326
monitored in the water column included: suspended solids,
pH, NH3-N, NO2 + NO 3 , ortho PO4-P, Cr, Hg, As, and Mn. Aquatic disposal field Investigations, Duwamlsh Water-
Parameters monitored in the sediment included: moisture way disposal site, Puget Sound, Washington. Appendix
content. Eh, organic C. NH3-N, ortho PO,-P, alkaline soluble E: Release and distribution of polychlorinated blphenyl.
S, bulk and interstitial Cr, As, Mn, Hg, and particle size Induced by open-water dredge disposal activities. Spy-
distribution. The monitoring program was conducted before, ros P. Pavlou, Robert N Dexter, Wilson Hom, Andrew
during, and at several intervals after dumping to determine the Hafferty, Katherine A. Krogslund Seattle, WA, University of
temporal and spatial impact associated with the (I imping Washington, Department of Oceanography, January 1978
activity Data obtained during the disposal operation showed Technical Report D-77-24
that the dredged material fell rapidly to the seabed when
dischanged from the barge. Manganese, suspended solids,
and ammonia were found to be elevated above ambient in the This report presents a detailed discussion of the results
water column at the near-bottom sampling point. Long-term obtained in a study conducted to evaluate the release of
water quality monitoring showed only a small increase in polychlonnated biphenyls (PCB's) during open-water disposal
suspended solids concentration near the bottom. Long-term of contaminated dredged material in Elliott Bay, Puget Sound.
sampling of the sediments showed the presence of river Washington. The specific information provided consists of the
material at the disposal site, as evidenced by particle size following: (1) A documentation of the release of PCB's from
distribution and concentration of certain chemical constituents the dredged material to the water column during and after
which persisted through three months of post-disposal moni- disposal of contaminated sediments from the Duwamish
toring For an evaluative summary and interpretation of all River. (2) An evaluation of the spatial and temporal trends in
studies conducted at the field site, see abstract number 320 PCB levels at the disposal site and its immediate vicinity (3)

An examination of the dependence of PCB residues measured
in water, suspended particulate matter (SPM). and sediments
on physical and chemical variables (appropriate to each

325 marine phase examined) which might affect the accumulation
and release characteristics of these chemicals from the
disposed material (4) An assessment of the change in the

Aquat disposal felld Invest1gations, Duwamlsh Water- distribution characteristics of PCB's in the impact zone as
way disposal ste Puget Sound, Washington. Appendix compared to the prevailing ambient conditions in the area
D- Chemical and physical anas of water and sdi- prior to disposal Appendices A'tF' to this volume present the
ment In relation to disposal of dredged material In Elliott raw data tables, descriptions of material and techniques
Bay. Volume I: Septiimber-IDlecember 1976. S Sugai, W along with the computer program used for PCB data reduction
R Schell. A Nevissi. S Olsen, D Hunfamer Seattle, WA. and a sample input and output For an evaluative summary
University of Washington. College of Fisheries, Laboratory of and interpretation of All studies conducted at the field site. see
Radiation Ecology, June 1978 Technical Report D-7 7.24 abstract number 320
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Disposal site macrofaunal densities never returned to their

327 pre-disposal level nor to concurrent levels at the reference
sites. Total number of species showed large decreases at 10

Aqu disposal fld investigations, Duwamsh Water- days and 1 month after disposal, a considerable increase at 3
way disposal fite, Puget Sound, Washington. Appendix months, and a leveling off for the remainder of the study.

0: Benthic; community structural changes resulting from Species diversity indices decreased at 10 days and 1 month

dredged material diapoael, Eliotti Bay disposl site. C. after disposal at the disposal site and increased thereafter for

Rex Bingham. Vicksburg, MS, U.S. Army Engineer Waterways the remainder of the study. At 9 months the disposal site

Experiment Station, Environmental Laboratory, August 1978. species diversity index exceeded both its pre-disposal value
Technical Report D-77-24. and concurrent values at the reference sites. Comparison of

corner, side, and central disposal site stations and the two
Benthic community changes resulting from the open-water reference sites showed that the effects of dredged material
disposal of 114,350 m

3 of Duwamish River dredged material disposal upon the previously discussed parameters were
at the Elliott Bay, Puget Sound disposal site are described. graded within the disposal site with central stations receiving
Analyses were performed on macrofaunal density, species the greatest negative impact. Most individual species showed
composition, biomass, biomass/individual, frequency of oc-
currence, and species diversity, at several taxonomic levels
for one pre-disposat sampling and five post-disposal sam- reference sites and the corner disposal site stations, indicat-

plings at 10 days, and 1, 3, 6, and 9 months after disposal. ing that rate of benthic macrofaunal rc.,overy from dredged
Total macrofaunal densities at the disposal site showed large material disposal may be aftected by seasonal parameters.
decreases 10 days after disposal that were unmatched by Therefore, timing of dredged material disposal on similar sites
decreases at the reference sites. Disposal site total macrofau- may be important in reducing the severity of impact on the
nal density gradually increased thereafter through 6 months benthic macrofauna. For ai j 'aluative summary and interpre-
after disposal, then decreased slightly at 9 months after tation of all studies conducted at the field site, see abstract
disposal. The most abrupt increase occurred at 3 months number 320
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SUBJECT INDEX

This index has been compiled on the basis of abstract numbers rather than pagination.

ADDITIVES Land application of waste materials from dredging,
Analysis of methods of odor abatement, 150 construction, and demolition processes, 277

ADPIC Agricultural value of dredged material, 282
Transport studies relevant to estuarine disposal, 071 Productive land uses of dredged material confined

AERATION disposal areas, 292

Assessment of low-ground-pressure equipment for use in ALGAE
confined disposal area operation and maintenance, 009 Biossessment of the standard elutriate test, 102
Dredging and disposal techniques and equipment: treat- Biological assessment of the soluble fraction of the
ment processes. 116 standard elutriate test, 105
Analysis of methods of odor abatement, 150 General research plan for the field investigations of

Laboratory study of aeration as a feasible technique for coastal dredged material disposal areas, 296
dewatering fine-grained dredged material, 175 catldegdmtra ipslaes 9

Assessment of the potential impact of dredged material
AEROBIC CONDITIONS disposal in the open ocean, 297

Treatment of contaminated dredged material, 014 Environmental aspects and impact of deep ocean
Laboratory study of the release of pesticide and PCB dredged material disposal, 298
materials to the water column during dredging and Nearshore-offshore ecological trends and zonal analysis.
disposal operations, 024 299
Studies of transformations of heavy metals and plant
nutrients in dredged sediments as affected by oxidation Ecosystem dynamics and regional assessment of deep
reduction potential and pH, 029 ocean disposal receiving environments, 300

Methods of dissolved oxygen budget analysis for assess- Eatons Neck (Long Island Sound, New York) disposal
ing effects of dredged material disposal on biological site field investigation: an environmental inventory, 301
community metabolism, 033 Aquatic disposal field investigations, Columbia River
Field investigations of the nature, degree, and extent of disposal site, Oregon, 308
turbidity generated by open-water pipeline disposal oper- Aquatic disposal field investigations, Ashtabula River
ations, 058 disposal site, Ohio, 313
Factors influencing Elutriate Test pertormance, 098 Aquatic disposal field investigations off the shore of
Long-term release of contaminants from dredged materi- Galveston, Texas, 3 7
al, 109 Aquatic disposal field investigations, Duwamish Water-
Oxygenation of dredged material by direct injection of way Disposal Site, Puget Sound, Washington, 320
oxygen and air during open-water pipeline disposal, 119

Comparison of oxygen and hydrogen peroxide injection ALTERNATIVE DISPOSAL METHODS
systems for dredging operations, 120 Guidelines for selecting and managing disposal methods

for contaminated dredged material to minimize adverse
Trace and toxic metal uptake by marsh plants as affected environmental effects, 008
by Eh, pH, and salinity, 217

AGITATION Guidelines for disposal area reuse, 012

Demonstration of a methodology for dredged material Ecological framework for upland and wetland habitat
reclamation and drainage, 174 development with dredged material. 015

Effects of mechanical agitation on drying rate of fine- Engineering and plant propagation aspects of wetland
grained dredged material, 180 habitat development with dredged material, 016
Dredged material dewatering field demonstration at Engineering and plant propagation aspects of upland
Upper Polecat Bay disposal area, Mobile, Alabama, 190 habitat development with dredged material, 017

AGRICULTURAL USES Development and management of avian habitat on
Planning and implementing the productive land use of dredged material islands, 018
dredged material confined disposal areas, 020 Introduction to habitat development on dredged material,
Guidance for land improvement using dredged material, 019
021 Planning and implementing the productive land use of
Status of confined dredged material disposal, 142 dredged material confined disposal areas, 020
Study of Western European dredging practices, reclama- Guidance for land improvement using dredged material,
tion methods, and environmental affects of dredging, 172 021
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SUOJCT INDEX

AMINO ACIDS Methods of dissolved oxygen budget analysis for assess-
Literature review of the physical/chemical nature of ing effects of dredged material disposal on biological
sediment organic matter and metal-organic interactions in community metabolism, 033
natural water systems, 027 Assessment and significance of sediment-associated oil

AMMONIUM NITROGEN and grease in aquatic environments, 036

Aquatic dredged material disposal impacts, 001 Literature review of effects of turbidity and suspended

Laboratory studies of water quality impacts of aquatic material in aquatic environments, 042

dredged material disposal, 004 Origins of turbidity and suspended material in aquatic

Laboratory and field studies of confined disposal area environments, 043

effluent and leachate control, 007 Effects of turbidity and suspended material in aquatic

Effect of sediment organic matter on migration of various environments, 044

chemical constituents during dredged material disposal, Principles of aquatic bioassay, 046
026 Transport phenomena in aquatic environments, 069

Studies of transformations of heavy metals and plant Investigation of subaqueous borrow pits as potential sites
nutrients in dredged sediments as affected by oxidation for dredged material disposal, 082
reduction potential and pH, 029 Literature review on sediment/water quality relationships.

Dredged material disposal effects: algal, protozoan, and 092
bacterial assays. 106 Eatons Neck (Long Island Sound. New York) disposal

ANTIBIOTICS site field investigation: an environmental inventory, 301
Analysis of methods of odor abatement, 150 Investigation of the hydraulic regime and the bottom

AQUATIC ANIMALS sedimentation physical characteristics at the Eatons Neck

Aquatic dredged material disposal impacts, 00 1 disposal site. Long Island Sound, 302

Effects of dredging and disposal on aquatic organisms, Investigation of the baseline water column and physico-

005 chemical sediment parameters of the Eatons Neck
disposal site. Long Island Sound. 303

Evaluation of dredged material pollution potential, 006

Pre-disposal baseline conditions of benthic assemblages
Effects of suspended dredged material on aquatic ani- at the Eatons Neck disposal site, Long Island Sound, 304
mals, 049 Pre-disposal baseline conditions of demersal fish assem-
Biological assessment methods for predicting the impact blages at the Eatons Neck disposal site, Long Island
of open-water disposal of dredged material, 110 Sound, 305

General research plan for the field investigations of Pre-disposal baseline conditions of zooplankton assem-
coastal dredged material disposal areas, 296 blages at the Eatons Neck disposal site, Long Island

Assessment of the potential impact of dredged material Sound, 306
disposal In the open ocean, 297 Pre-disposal baseline conditions of phytoplanklon as-

Environmental aspects and impact of deep ocean semblages at the Eatons Neck disposal site, Long Island
dredged material disposal, 298 Sound, 307

Nearshore-offshore ecological trends and zonal analysis, Aquatic disposal field investigations, Columbia River
299 disposal site, Oregon, 308

Ecosystem dynamics and regional assessment of deep Investigation of the hydraulic regime and physical nature
ocean disposal receiving environments, 300 of bottom sedimentation of the Columbia River disposal
Eatons Neck (Long Island Sound, New York) disposal site, Oregon, 309
site field investigation: an environmental inventory, 301 Methods used to investigate water column, primary

Aquatic disposal field investigations, Columbia River productivity, and sediment quality at the Columbia River

disposal site, Oregon, 308 disposal site, Oregon, 310

Aquatic disposal field investigations, Ashtabula River The effects of dredged material disposal on benthic

disposal site, Ohio, 313 assemblages at the Columbia River disposal site, Ore-
gon, 311

Aquatic disposal field investigations off the shore of
Galveston. Texas, 317 Investigation of the effects of a controlled sediment

release on demnersal fish and decapod shellfish at theAquatic disposal field investigations, Duwamish Water- Columbia River disposal site. Oregon. 312
way Disposal Site, Puget Sound, Washington, 320

Aquatic disposal field investigations, Ashtabula River
AaUATIC NVWONMENT disposal site, Ohio, 313

Aquatic dredged materil disposal impacts, 001 Evaluation of the effects of dredged material release on

Effects of dredging and disposal on aquatic organisms, planktonic communities, benthic assemblages, and fish
005 at the Ashtabula River disposal site, Ohio. 314
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Investigation of the hydraulic regime and the bottom Pre-disposal baseline conditions of zooplankton assem-
sedimentation physical characteristics at the Ashtabula blages at the Eatons Neck disposal site, Long Island
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Aquatic disposal field investigations, Duwamish Water- investigation of confined disposal area design to maxi-
way Disposal Site, Puget Sound, Washington, 320 mize hydraulic efficiency. 161

COASTAL DISPOSAL AREAS Prediction of volumetric requirements for dredged materi-
Aquatic dredged material disposal impacts, 001 al confined disposal areas, 188
Processes affecting the fate of dredged material, 002 Description of computer program SIZE and sample
Evaluation of factors affecting the long-term fate of applications, 189
dredged material in open waters, 067 CONCRETE AGGREGATES
Effects of open-water dredged material disposal on Availability and utilization of dredged material as con-
Texas Gulf Coast, 073 struction material, 193
Feasibility study of controlled placement of dredged CONE PENETROMETERS
materials in open water, 074 Assessment of low-ground-pressure equipment for use in
Development of models for prediction of short-term fate confined disposal area operation and maintenance, 009
of dredged material discharged in the estuarine environ- Methodology for predicting low-ground-pressure vehicle
ment. 078 performance, 156
Investigation of subaqueous borrow pits as potential sites CONFINED DISPOSAL AREAS
for dredged material disposal, 082 Laboratory and field studies of confined disposal area

Field study of the effects of storms on the stability and effluent and leachate control, 007
fate of dredged material in subaqueous disposal areas, Assessment of low-ground-pressure equipment for use in
087 confined disposal area operation and maintenance, 009
General research plan for the field investigations of Guidelines for designing, operating, and managing
coastal dredged material disposal areas, 296 dredged material confined disposal areas, 010
Eatons Neck (Long Island Sound, New York) disposal Treatment of contaminated dredged material, 014
site field investigation: an environmental inventory, 301 Evaluation of oil and grease contamination associated
Aquatic disposal field investigations, Columbia River with dredged material confined disposal areas, 111
disposal site, Oregon, 308 Characterization of confined disposal area influent and

Aquatic disposal field investigations off the shore of effluent particulate and petroleum fractions. 112
Galveston, Texas, 317 Physical and chemical characterization of dredged mate-
Aquatic disposal field investigations, Duwamish Water- rial influents and effluents in confined land disposal
way Disposal Site, Puget Sound, Washington, 320 areas, 114

COASTAL TO MANAGEMENT ACT OF 111172 Physical and chemical characterization of dredged mate-
Socioeconomic and other factors affecting the recreation- rial sediments and leachates in confined land disposal
al use of dredged material disposal sites, 283 areas, 115

COPEA N II OERAIONS Laboratory study of treatability of dredged material, 1 17

Freeze-thaw enhancement of the drainage and consoli- Alternative dredged material treatment systems, 118
dation of ffre-gained dredged material in confined Investigation of effluent filtering systems for dredged
disposal areas, 181 material confined disposal facilities, 124
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Feasibility of the functional use of vegetation to filter, An investigation of physical, chemical, and/or biological
dewater, and remove contaminants from dredged materi- control of mosquitoes in dredged material disposal areas,
al, 128 166

Dredge spoil land disposal, 129 Feasibility study of Pinto Island as a long-term dredged

Landscape concept development for confined dredged material disposal site, 170

material sites, 130 Methodology for design of fine-grained dredged material

Existing confined dredged material disposal design and confined disposal areas for solids retention, 171

construction concepts: constraints and variables for Study of Western European dredging practices, reclama-
landscape development, 131 tion methods, and environmental effects of dredging, 172

Landscape architecture methodology, 132 Freeze-thaw enhancement of the drainage and consoli-
dation of fine-grained dredged material in confined

List of trees and shrubs for landscaping confined disposal areas, 181
dredged material sites, 133 Feasibility study of general crust managenent as a
Identification of objectionable environmental conditions technique for increasing capacity of dredged material
and issues associated with confined disposal areas, 138 confined disposal areas, 182

Identification of objectionable conditions and issues Confined disposal area management to promote natural
relating to confined disposal areas, 139 dewatering of fine-grained dredged material, 184

Identification of practices and regulations relating to Confined disposal area design, operation, and manage-
confined disposal areas, 140 ment concepts, 185

Corps of Engineers practices and problems in confined Prediction of volumetric requirements for dredged materi-
disposal of dredged material, 141 al confined disposal areas, 188

Status of confined dredged material disposal, 142 Description of computer program SIZE and sample

Containment area design and operation: preliminary site applications, 189

considerations. 143 Dredged material dewatering field demonstration at

Containment area design and operation: disposal meth- Upper Polecat Bay disposal area, Mobile, Alabama, 190

ods, 144 Perimeter dike raising with dewatered fine-grained

Containment area design and operation: effluent sluicing dredged material at Upper Polecat Bay Disposal Area,
methods, 145 Mobile, Alabama, 191

Containment area facility concepts for dredged materialOperation of confined disposal facilities, and odor and seatindrngadrhndn,19
Opertionseparation, drying, and rehandling, 194

mosquito control, 146
Fine-grained material separation and handling, 197Disposal area effluent requirements, 147
Disposal site reuse, a new concept for dredged material

Malodor abatement at confined dredged material dispos- disposal, 209
at sites, 149 Principles for the development of reusable disposal sites,

Mathematical model for predicting the consolidation of 210
dredged material in confined disposal areas, 152Cap mact i confined disposal areas, 15 Design concepts for in-water confined disposal structures
Capacity of confined disposal areas, 153 for marsh habitat development, 233
Low-ground-pressure construction equipment for use in Detailed design for Dyke Marsh Demonstration Area,
dredged material confined disposal area operation and Potomac River, Virginia, 239
maintenance--equipment inventory, 154 Feasibility of inland disposal of dewatered dredged

Performance predictions for low-ground-pressure con- material, 278
struction equipment for use in dredged material confined Checklist for determining potential inland dredged materi-
disposal area operation and maintenance, 155 al disposal sites, 279

Sizing of confined disposal areas for dredged material, Field demonstration of shrimp mariculture feasibility in
158 dredged material confined disposal areas, 295
Confined disposal area sizing methodology, 159 CONUDBOATION (SOILS)

Investigation of confined disposal area design to maxi- Mathematical model for predicting the consolidation of
mize hydraulic efficiency, 161 dredged material in confined disposal areas, 152
Mathematical model for determining the Influence of Capacity of confined disposal areas, 153
basin hydraulics, 162 Freeze-thaw enhancement of the drainage and consoli-

Economic considerations in maximizing hydraulic effi- dation of fine-grained dredged material in confined
clencis of disposal areas, 164 disposal areas. 181

Weir design to maintain effluent quality from dredged Dredged material dewatering field demonstration at
material confined disposal areas, 165 Upper Polecat Bay disposal area, Mobile, Alabama, 190
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CONSTRUCTION Research study on the effect of dispersion, settling, and
Assessment of problems associated with evaluating the resedimentation on migration of chemical constitutents
physical, chemical, and biological impacts of discharging during open-water disposal of dredged materials, 025
fill material, 030 Effect of sediment organic matter on migration of various

Land application of waste materials from dredging, chemical constituents during dredged material disposal,
construction, and demolition processes. 277 026

CONSTRUCTION EQUIPMENT Literature review of the physical/chemical nature of
Construction of retaining dikes, 137 sediment organic matter and metal-organic interactions in

natural water systems, 027
Low-ground-pressure construction equipment for use in

dredged material confined disposal area operation and Literature review of transformations of heavy metals and
maintenance--equipment inventory, 154 plant nutrients in dredged sediments as affected by

oxidation reduction potential and pH, 028
Performance predictions for low-ground-pressure con-

struction equipment for use in dredged material confined Studies of transformations of heavy metals and plant
disposal area operation and maintenance, 155 nutrients in dredged sediments as affected by oxidation

Predictions of low-ground-pressure vehicle performance, reduction potential and pH. 029

157 Assessment of problems associated with evaluating the

Study of Western European dredging practices, reclama- physical, chemical, and biological impacts of discharging

tion methods, and environmental effects of dredging, 172 fill material, 030

Dredged material dewatering field demonstration at Fill material and filling activities, 031

Upper Polecat Bay disposal area, Mobile, Alabama, 190 Physical, chemical, and biological impacts of fill dis-
Disposal site reuse, a new concept for dredged material charge, 032

disposal, 209 Effects of suspended dredged material on aquatic ani-
Principles for the development of reusable disposal sites, mals, 049
210 Availability of sediment-adsorbed heavy metals to ben-

CONSTRUCTION MATERIALS thos with particular emphasis on deposit-feeding infauna,
051

Status of confined dredged material disposal, 142

Retaining dike design, construction, and stability, 148 Literature review on sediment/water quality relationships.
092

R. jional landfill and construction material needs in terms Dredged material disposal criteria, 093
of dredged material characteristics and availability, 192

Availability and utilization of dredged material as con- Dredged material disposal criteria: the Elutriate Test. 094

struction material, 193 Previous dredged material disposal criteria studies, 095

Productive use of dredged material: land-use categories, Elutriate Test rationale and implementation guidelines.
dredged material landfills, and dredged material for 096
construction. 201

Research study for the development of dredged material
Productive uses of dredge spoil, 276 disposal criteria, 097

CONTAMINANTS Factors influencing Elutriate Test performance, 098
Aquatic dredged material disposal impacts, 001 Sediment oxygen demand during the Elutriate Test, 099
Laboratory studies of water quality impacts of aquatic Application of Elutriate Test results to development of

dredged material disposal, 004 dredged material disposal criteria. 100

Effects of dredging and disposal on aquatic organisms, Selective analytical partitioning of sediments to evaluate
005 potential mobility of chemical constituents during dredg-
Evaluation of dredged material pollution potential, 006 ing and disposal operations, 10 1

Evaluation of dredged material pollution potential, 006 Bioassessment of the standard elutriate test, 102

Laboratory and field studies of confined disposal area Ecological evaluation of i.oposed discharge of dredged
effluent and leachate control, 007 or fill material into navigable waters interim guidance for
Guidelines for selecting and managing disposal methods implementation of Section 404(b)(1) of Public Law 92-
for contaminated dredged material to minimize adverse 500 (Federal Water Pollution Control Act Amendments of
environmental effects, 008 1972), 133

Treatment of contaminated dredged material. 014 Biological assessment of the soluble traction of the

Laboratory study of the release of pesticide and PCB standard elutrate test. 105

materials to the water column during dredging and Dredged material dqsposal effects algal, protozoan, and
disposal operations, 024 bacterial assays. 106
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Evaluation of the elutriate test as a method of predicting Ecosystem dynamics and regional assessment of deep
contaminant release during open-water disposal of ocean disposal receiving environments, 300
dredged sediments and environmental impact of open- Eatons Neck (Long Island Sound, New York) disposal
water dredged material disposal, 107 site field investigation: an environmental inventory, 301

Laboratory and field procedures used to evaluate the Aquatic disposal field investigations, Columbia River
elutriate test as a method of predicting contaminant disposal site, Oregon, 308
release during open-water disposal of dredged sedi-
ments and environmental impact of open-water dredged Methods used to investigate water column, primary
material disposal, 108 productivity, and sediment quality at the Columbia River

disposal site, Oregon, 3 10
Long-term release of contaminants from dredged materi-
al. 109 Aquatic disposal field investigations, Ashtabula River

Biological assessment methods for predicting the impact disposal site, Ohio, 313

of open-water disposal of dredged material, 110 Investigation of water-quality and sediment parameters at

Characterization of confined disposal area influent and the Ashtabula River disposal site, Ohio, 316

effluent particulate and petroleum fractions, 112 Aquatic disposal field investigations off the shore of

Laboratory study of treatability of dredged material, 117 Galveston, Texas, 317

Laboratory study of chemical coagulation as a means of Investigation of the hydraulic regime and physical nature
treatment for dredged material, 122 of sedimentation at the Galveston, Texas offshore dispos-

al site, 318
Feasibility of the functional use of vegetation to filter,
dewater, and remove contaminants from dredged materi- Aquatic disposal field investigations, Duwamish Water-
al, 128 way Disposal Site, Puget Sound, Washington, 320

Study of Western European dredging practices, reclama- Chemical and physical analyses of water and sediment in
lion methods, and environmental effects of dredging, 172 relation to dredged mateial disposal in Elliott Bay (Du-

wamish Waterway disposal site. Puget Sound, Washing-Hydroponic study of heavy metal uptake by eight marsh ton), February-June 1976, 324

plant species, 216

Chemical and physical analyses of water and sediment in
Prediction of heavy metal uptake by marsh plants based relation to dredged material disposal in Elliott Bay
on chemical extraction of heavy metals from dredged (Duwamish Waterway disposal site, Puget Sound, Wash-
material, 218 ington), September-December 1976, 325

Field bioassay test for detecting contaminant uptake from
dredged material by marsh plants, 219 CONTINENTAL SHELF

Sedimentation factors in open waler disposal, 066
Habitat development field investigations, Windmill Point

Marsh Development Site, James River, Virginia, 240 Environmental aspects and impact of deep ocean

Acute environmental impacts of marsh development with dredged material disposal, 298

dredged material on the macrobenthic community at the Nearshore-offshore ecological trends and zonal analysis,
Windmill Point Marsh Development Site, James River, 299
Virginia, 241 CONTINUOUS DISCHARGE
Environmental impacts of marsh development with Evaluation and calibration of the Tetra Tech dredged
dredged material on botany, soils, aquatic biology, and material disposal models based on field data, 090
wildlife at the Windmill Point Marsh Development Site,
James River, Virginia, 242 CONTRACT SPECIFICATIONS

Environmental impacts of marsh development and chlori- Analysis of effects of operational procedures on turbidity
nated hydrocarbon compounds in marsh soils and generation and control, 054

vascular plant tissues at the Windmill Point Marsh Retaining dike design, construction, and stability, 148
Development Site, James River, Virginia, 243 CONVEYORS

Environmental impacts of marsh development with Dredged material transport systems for inland disposal
dredged material on sediment and water quality at the and/or productive use concepts, 280
Windmill Point Marsh Development Site, James River.
Virginia, 244 COSTS

General research plan for the field investigations of Evaluation of the submerged discharge of dredged

coastal dredged material disposal areas, 296 material slurry during pipeline dredge operations, 063

Assessment of the potential impact of dredged material Oxygenation of dredged material by direct injection of
disposal In the open ocean, 297 oxygen and air during open-water pipeline disposal, 119

Environmental aspects and impact of deep ocean Comparison of oxygen and hydrogen peroxide injection

dredged material disposal, 298 systems for dredging operations, 120

Nearshore-offshore ecological trends and zonal analysis, Solid-liquid separation technology, 127

299 Retaining dike design, construction. and stability. 148
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Economic considerations in maximizing hydraulic effi- Effects of dredging and disposal on aquatic organisms,
ciencies of disposal areas, 164 005

Feasibility study of Pinto Island as a long-term dredged Evaluation of dredged material pollution potential, 006
material disposal site, 170 Laboratory and field studies of confined disposal area

Applicability of conventional densification techniques to effluent and leachate control, 007
increase disposal area storage capacity, 176 Availability of sediment-adsorbed selected pesticides to

Freeze-thaw enhancement of the drainage and consoli- benthos with particular emphasis on deposit-feeding
dafion of fine-grained dredged material in confined infauna, 040
disposal areas. 181 Effects of suspended dredged material on aquatic ani-

Feasibility study of electro-osmotic dewatering of mals, 049
dredged material. 186 Literature review on sediment/water quality relationships,

Perimeter dike raising with dewatered fine-grained 092
dredged material at Upper Polecat Bay Disposal Area, Research study for the development of dredged material
Mobile, Alabama, 191 disposal criteria, 097

Dredged material separation, sand and gravel beneficia- Laboratory and field procedures used to evaluate the
lion, and economic aspects of separation and recovery, elutriate test as a method of predicting contaminant
195 release during open-water disposal of dredged sedi-

Development of procedures for selecting and designing ments and environmental impact of open-water dredged
reusable dredged material disposal sites, 206 material disposal, 108

Disposal site reuse, a new concept for dredged material DEMOUTION
disposal. 209 Land application of waste materials from dredging,

Principles for the development of reusable disposal sites, construction, and demolition processes, 277
210 DESCHAMPUIA

Design concepts for in-water confined disposal structures Field bioassay test for detecting contaminant uptake from
for marsh habitat development, 233 dredged material by marsh plants. 219
Establishment and growth of selected freshwater and Habitat development field investigations, Miller Sands
coastal marsh plants in relation to dredged sediment Marsh and Upland Habitat Development Site, Columia-
characteristics, 235 River. Oregon 251
Dredged material transport systems for inland disposal Postpropagation assessment of botanical and soil re-
and/or productive use concepts. 280 sources on dredged material at Miller Sands Marsh and
Field demonstration of shrimp mariculture feasibility in Upland Habitat Development Site, Columbia River. Ore-
dredged material confined disposal areas, 295 gon, 252

COARSE GRAINED MATERIALS Postpropagation assessment of wildlife resources on
Eatons Neck (Long Island Sound, New York) disposal dredged material at Miller Sands Marsh and Upland
site field investigation: an environmental inventory, 301 Habitat Development Site, Columbia River. Oregon, 253

CROP PRODUCTION DESICCATION
Planning and implementing the productive land use of Conventional densification-dewatering techniques, 178

dredged material confined disposal areas, 020 Effects of mechanical agitation on drying rate of fine-

Guidance for land improvement using dredged material. grained dredged material, 180

021 Feasibility study of general crust management as a
technique for increasing capacity of dredged material

Agricultural value of dredged material, 282 confined disposal areas, 182
CRUSTS Dry crust formation rate, and crust management, 183

see also DEWATERING Dredged material dewatering field demonstration at

Feasibility study of general crust management as a Upper Polecat Bay disposal area, Mobile, Alabama, 190
technique for increasing capacity of dredged material
confined disposal areas, 182 DESIGN CRITERIA

Guidelines for designing, operating, and managing
Dry crust formation rate, and crust management, 183 dredged material confined disposal areas, 010

CVPERUS Ecological framework for upland and wetland habitat
Hydroponic study of heavy metal uptake by eight marsh development with dredged material, 015
plant species. 216 Engineering and plant propagation aspects of wetland

OT habitat development with dredged material. 0 16
Laboratory studies of water quality impacts of aquatic Engineering and planD propagation aspects of upland
dredged material disposal, 004 habitat development with dredged material, 017
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Development and management of avian habitat on Effects of mechanical agitation on drying rate of fine-
dredged material islands, 018 grained dredged material, 180

Introduction to habitat development on dredged material, Freeze-thaw enhancement of the drainage and consoli-
019 dation of fine-grained dredged material in confined

Development and application of design and operation disposal areas, 181

procedures for coagulation of dredged material slurry Feasibility study of general crust management as a
and confined disposal area effluent, 123 technique for increasing capacity of dredged material

Design guidelines for effluent filtering systems, 126 confined disposal areas, 182

Existing confined dredged material disposal design and Dry crust formation rate, and crust management, 183

construction concepts: constraints and variables for Confined disposal area management to promote natural
landscape development, 131 dewatering of fine-grained dredged material, 184

Investigation of confined disposal area design to maxi- Confined disposal area design, operation, and manage-
mize hydraulic efficiency, 161 ment concepts, 185

Economic considerations in maximizing hydraulic effi- Feasibility study of electro-osmotic dewatering of
ciencies of disposal areas, 164 dredged material, 186

Weir design to maintain effluent quality from dredged Evaluation of progressive trenching as a technique for
material confined disposal areas, 165 dewatering fine-grained dredged material, 187

Methodology for design of fine-grained dredged material Description of computer program SIZE and sample
confined disposal areas for solids retention, 171 applications, 189

Development of procedures for selecting and designing Dredged material dewatering field demonstration at
reusable dredged material disposal sites, 206 Upper Polecat Bay disposal area. Mobile, Alabama. 190

Guidelines for material placement in marsh creation, 230 Perimeter dike raising with dewatered fine-grained
Relevant criteria for marsh-island site selection and their dredged material at Upper Polecat Bay Disposal Area,application. 231 Mobile, Alabama, 191
application s 21 iContainment area facility concepts for dredged material
Design concepts for in-water confined disposal structures seatindrngadrhndn,19

for marsh habitat development, 233 separation, drying, and rehandling, 194

Feasibility study for Dyke Marsh Demonstration Area, Dredged material separation, sand and gravel beneficia-
Fetoasility studyra De Mtion, and economic aspects of separation and recovery,
Potomac River Virginia. 238 195

Detailed design for Dyke Marsh Demonstration Area, Dewatering and utilization of fine-grained material, 198
Potomac River, Virginia, 239
Review of dredged material disposal techniques to Feasibility study of vacuum filtration systems for dewater-

identify wildlife habitat development factors, 267 ing dredged material, 203

Principles of vacuum filtration, 204
IfEWATERING Economic analysis of vacuum filtration methods for

Guidelines for dewatering/densifying confined dredged dewatering dredged material, 205
material, 011

Disposal site reuse, a new concept for dredged material
Alternative dredged material treatment systems, 118 disposal, 209
Feasibility of the functional use of vegetation to filter, Principles for the development of reusable disposal sites,
dewater, and remove contaminants from dredged materi- 210
al, 128

Performance predictions for low-ground-pressure con- DIFFUSION

struction equipment for use in dredged material confined Transport phenomena in aquatic environments, 069

disposal area operation and maintenance, 155 Mathematical model for passive diffusion of dredged

Study of Western European dredging practices. reclama- material, 081

tion methods, and environmental effects of dredging, 172 Estuarial sediment transport processes. 085

Demonstration of a methodology for dredged material Simulation of sediment transport in the Savannah Estu-
reclamation and drainage, 174 ary, Georgia. 086

Laboratory study of aeration as a feasible technique for DIKE OSUON AND CONTRIIUICTION
dewatering fine-grained dredged material, 175 Dredge spoil land disposal, 129

Applicability of conventional densification techniques to Existing confined dredged material disposal design and
increase disposal area storage capacity, 176 construction concepts constraints and variables tor

Engineering properties of dredged material, 177 landscape development, 131

Conventional densification-dewatering techniques. 178 Landscape architecture methodology, 132

Chemical densification techniques used by phosphate Design and construction of retaining dikes 134

and aluminum industries. 179 Design and construction of retaining dkes 135
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Stability of retaining dikes, 136 DISPERSION

Construction of retaining dikes, 137 Prediction and control of dredged material dispersion
around dredging and open-water pipeline disposal oper-

Corps of Engineers practices and problems in confined ations, 013
disposal of dredged material, 141 Research study on the effect of dispersion, settling, and
Retaining dike design, construction, and stability, 148 resedimentation on migration of chemical constitutents

Economic considerations in maximizing hydraulic effi- during open-water disposal of dredged materials, 025
ciencies of disposal areas, 164 Impact of fluid mud dredged material on benthic commu-

Feasibility study of Pinto Island as a long-term dredged nities of the tidal James River, Virginia, 041
material disposal site, 170 Analysis of the functional capabilities and performance of

Study of Western European dredging practices, reclama- silt curtains, 061
ton methods, and environmental effects of dredging. 172 Field study of the physical nature and disposal of fluid

Perimeter dike raising with dewatered fine-grained mud dredged material, 062
dredged material at Upper Polecat Bay Disposal Area, Evaluation of factors affecting the long-term fate of
Mobile, Alabama, 191 dredged material in open waters, 067

Design concepts for in-water confined disposal structures Studies of mathematical models for predicting dredged
for marsh habitat development, 233 material physical fate, 068

Feasibility study for Dyke Marsh Demonstration Area, Transport phenomena in aquatic environments. 069
Potomac River, Virginia, 238
Detailed design for Dyke Marsh Demonstration Area, Models and relevant studies applicable to ocean dispos-

Potomac River, Virginia, 239 al, 070

Habitat development field investigations, Bolivar Peninsu- Transport studies relevant to estuarine disposal, 071

la Marsh and Upland Habitat Development Site, Galve- Dispersion studies relevant to riverine disposal, 072
ston Bay, Texas, 248 Effects of open-water dredged material disposal on

Propagation of vascular plants and postpropagation Texas Gulf Coast, 073
monitoring of botanical, soil, aquatic biota, and wildlife
resources at the Bolivar Peninsula Marsh and Upland Feasibility study of controlled placement of dredged

Habitat Development Site, Galveston Bay, Texas, 249 materials in open water, 074

Habitat development field investigations, Rennie Island Factors affecting open-water placement of dredged

Marsh Development Site, Grays Harbor, Washington, material, 075

254 Borrow pit dumping: feasibility estimates, and alternatives

Habitat development field investigations, Nott Island to extend this feasibility, 076

Upland Habitat Development Site, Connecticut River, Methods and effects of subaqueous borrow pit covering
Connecticut. 269 operations, 077

Postpropagation monitoring of vegetation and wildlife at Development of models for prediction of short-term fate
the Nott Island Upland Habitat Development Site, Con- of dredged material discharged in the estuarine environ-
necticut River, Connecticut, 270 ment, 078

DIKE FAILURE Modeling of dredged material discharged into the estua-
Design and construction of retaining dikes, 134 rine environment, 079

Stability of retaining dikes, 136 Mathematical models for dynamic computations of

Identification of objectionable conditions and issues dredged material behavior, 080

relating to confined disposal areas, 139 Mathematical model for passive diffusion of dredged

Identification of practices and regulations relating to material 081

confined disposal areas, 140 Mathematical model of estuarial sediment transport, 083

Retaining dike design, construction, and stability. 148 Estuarial sediment transport processes, 085

DILLTION Simulation of sediment transport in the Savannah Estu-

Bioassay dilution technique for assessing dredged mate- ary, Georgia, 086
rial disposal significance, 035 Field study of the effects of storms on the stability and

fate of dredged material in subaqueous disposal areas.
O087

Survey of potential medical and veterinary diseases at
habitat development field sites, 214 Evaluation of the elutriate test as a method of predicting

contaminant release during open-water disposal of
DUPC'TION dredged sediments and environmental impact of open-

Analysis of methods of odor abatement, 150 water dredged material disposal. 107
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Laboratory and field procedures used to evaluate the Predicting and monitoring dredged material movement,

elutriate test as a method of predicting contaminant 003
release during open-water disposal of dredged sedi- Laboratory studies of water quality impacts of aquatic
ments and environmental impact of open-water dredged dredged material disposal, 004
material disposal, 108 Evaluation of dredged material pollution potential, 006

Laboratory and field studies of confined disposal area
disposal site, Oregon, 308 effluent and leachate control, 007

Aquatic disposal field investigations, Ashtabula River Treatment of contaminated dredged material, 014
disposal site, Ohio, 313

A c disposal 3d iLaboratory study of the release of pesticide and PCB

invstgaton Texas, the smaterials to the water column during dredging and
disposal operations, 024

Aquatic disposal field investigations, Duwamish Water- Research study on the effect of dispersion, settling, and
way Disposal Site, Puget Sound, Washington, 320 resedimentation on migration of chemical constitutents

AREA REUSE MANAGEMENT (DARM) during open-water disposal of dredged materials. 025

Guidelines for disposal area reuse, 012 Effect of sediment organic matter on migration of various

Needs and areas of potential application of Disposal Area chemical constituents during dredged material disposal.

Reuse Management (DARM), 207 026

Potential application of DARM, 208 Literature review of the physical/chemical nature of
sediment organic matter and metal-organic interactions in

DISWOSAL SITE UTILIZATION natural water systems, 027
Engineering and plant propagation aspects of upland Literature review of transformations of heavy metals and
habitat development with dredged material, 017 plant nutrients in dredged sediments as affected by

Planning and implementing the productive land use of oxidation reduction potential and pH. 028
dredged material confined disposal areas, 020 Studies of transformations of heavy metals and plant

Study of Western European dredging practices, reclama- nutrients in dredged sediments as affected by oxidation

tion methods, and environmental effects of dredging, 172 reduction potential and pH, 029

Socioeconomic and other factors affecting the recreation- Assessment of problems associated with evaluating the

al use of dredged material disposal sites, 283 physical, chemical, and biological impacts of discharging
fill material, 030

Dredged material disposal practices and procedures of
the Corps of Engineers, 284 Fill material and filling activities. 031

Institutional aspects of using dredged material for recrea- Physical, chemical, and biological impacts of fill dis-

tional purposes, 285 charge, 032

Sociological issues in using dredged material disposal Methods of dissolved oxygen budget analysis for assess-
ing effects of dredged material disposal on biological

sites for recreational purposes, 286 community metabolism, 033

Case studies and comparative analyses of issues associ- Applicatior of ecosystem modeling methodologies to
ated with productive land use at dredged material dredged material research. 034
disposal sites. 287 Field investigations of the nature, degree, and extent of
Methodology for determining land value and associated turbidity generated by open-water pipeline disposal oper-
benefits created from dredged material containment, 288 ations, 058
Productive uses of dredged material sites, 289 Open-water pipeline disposal and dissolved oxygen

Methodology for determining land value and associated demand, 060
benefits of dredged material confined disposal, 290 Sediment oxygen demand during the Elutriate Test, 099
Evaluation of laws and regulations impacting the land use Evaluation of the elutriate test as a method of predicting
of dredged material confined disposal areas, 291 contaminant release during open-water disposal of

Productive land uses of dredged material confined dredged sediments and environmental impact of open-
disposal areas. 292 water dredged material disposal, 107

Technical and economic feasibility of lawn sod produc- Laboratory and field procedures used to evaluate the
lion and/or related activities on dredged material dispos- elutriate test as a method of predicting contaminant
al sites, 293 release during open-water disposal of dredged sedi-

The horticultural industry: planting and production, 294 ments and environmental impact of open-water dredged
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Environmental impact of dredging and disposal on the
Patterns of succession in benthic infaunal communities Upper Mississippi River at Crosby Slough. 213
following dredging and dredged material disposal in
Monterey Bay, California, 039 Use of dredged material islands by colonial seabirds and

wading birds in New Jersey, 255
Availability of sediment-adsorbed selected pesticides to Comparison of plant succession and bird utilization on
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contaminant release during open-water disposal of al deposits. 261

dredged sediments and environmental impact of open- Colonial birds nesting on man-made and natural sites in
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Selected bibliography of the life requirements of colonial LAGRANGIAN-EULERIAN MODEL
nesting waterbirds and their relationship to dredged Transport studies relevant to estuarine disposal, 071
material islands, 263 LAKES

Annotated tables of vegetation growing on dredged Aquatic dredged material disposal impacts, 001
material throughout the United States, 265 Processes affecting the fate of dredged material, 002

IVA Predicting and monitoring dredged material movement
Primary productivity of minor marsh plants in Delaware, 003
Georgia, and Maine, 223 Study of Western European dredging practices, reclama-

Habitat development field investigations, Bolivar Peninsu- tion methods, and environmental effects of dredging, 172
la Marsh and Upland Habitat Development Site, Galve-
ston Bay, Texas, 248 LAND ACQUISITION

Propagation of vascular plants and postpropagation Status of confined dredged material disposal, 142

monitoring of botanical, soil, aquatic biota, and wildlife LAND ENHANCEMENT
resources at the Bolivar Peninsula Marsh and Upland Legal, policy, and institutional constraints associated with
Habitat Development Site. Galveston Bay, Texas, 249 dredged material marketing and land enhancement, 199

JET DISCHARGE Land application of waste materials from dredging,

Development of models for prediction of short-term fate construction, and demolition processes, 277

of dredged material discharged in the estuarine environ- LAND RECLAMATION
ment, 078 Guidance for land improvement using dredged material.

Mathematical models for dynamic computations of 021
dredged material behavior, 080 Study of Western European dredging practices, reclama-

Mathematical model for passive diffusion of dredged tion methods, and environmental effects of dredging, 172
material. 081 Productive uses of dredge spoil, 276

JUNCUS LAND USE
Primary productivity of minor marsh plants in Delaware, Planning and implementing the productive land use of
Georgia, and Maine, 223 dredged material confined disposal areas. 020

Productivity of seven common marsh plant species of the Guidance for land improvement using dredged material,
Gulf Coast area, 224 021
Habitat development field investigations, Bolivar Peninsu- Dredge spoil land disposal, 129
la Marsh and Upland Habitat Development Site, Galve- Identification of objectionable conditions and issues
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Propagation of vascular plants and postpropagation Productive use of dredged material: land-use categories,
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Habitat Development Site, Galveston Bay. Texas. 249 Case studies and comparative analyses of issues associ-
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Processes affecting the fate of dredged material, 002 benefits created from dredged material containment, 288

Predicting and monitoring dredged material movement, Productive uses of dredged material sites. 289

003 Methodology for determining land value and assouiated

Studies of mathematical models for predicting dredged benefits of dredged material confined disposal. 290

material physical fate, 068 Evaluation of laws and regulations impacting the land use

Models and relevant studies applicable to ocean dispos- of dredged material confined disposal areas. 291

al, 070 Productive land uses of dredged material confined

Feasibility study of controlled placement of dredged disposal areas, 292

materials in open water, 074 LAND VALUE

Development of models for prediction of short-term fate Planning and implementing the productive land use of
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Mathematical models for dynamic computations of benefits created from dredged material containment. 288
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material disposal models based on field data, 090 benefits of dredged material confined disposal, 290
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LANDFILLS Guidelines for selecting and managing disposal methods
Guidance for land improvement using dredged material, for contaminated dredged material to minimize adverse
021 environmental effects, 008

Assessment of problems associated with evaluating the Long-term release of contaminants from dredged materi-
physical, chemical, and biological impacts of discharging al, 109
fill material, 030 Characterization of confined disposal area influent and

Fill material and filling activities, 031 effluent particulate and petroleum fractions, 112

Physical, chemical, and biological impacts of fill dis- Study of leachate from dredged material in upland areas
charge, 032 and/or in productive uses, 113

Landscape architecture methodology. 132 Physical and chemical characterization of dredged mate-

Status of confined dredged material disposal, 142 rial influents and effluents in confined land disposal
areas, 114
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of dredged material characteristics and availability, 192 at sediments and eachates in confined land disposal

Productive use of dredged material: land-use categories, areas, 115
dredged material landfills, and dredged material for
construction, 201 LEACHING (SOILS)
Productive uses of dredge spoil, 276 Study of leachate from dredged material in upland areas

and/or in productive uses, 113
Land application of waste materials from dredging,
construction, and demolition processes, 277 LOW-GROUNDPRESSURE VEHICLES

Assessment of low-ground-pressure equipment for use in
confined disposal area operation and maintenance, 009
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material sites, 130 maintenance--equipment inventory, 154

Existing confined dredged material disposal design and Performance predictions for low-ground-pressure con-
construction concepts: constraints and variables for struction equipment for use in dredged material confined
landscape development, 131 disposal area operation and maintenance. 155

Landscape architecture methodology, 132 Methodology for predicting low-ground-pressure vehcle

LAWN S0DS performance, 156

Planning and implementing the productive land use of Predictions of low-ground-pressure vehicle performance.
dredged material confined disposal areas, 020 157

Technical and economic feasibility of lawn sod produc- Evaluation of progressive trenching as a technique for
tion and/or related activities on dredged material dispos- dewatering fine-grained dredged material, 187
al sites, 293 Dredged material dewatering field demonstration at

The horticultural industry: planting and production, 294 Upper Polecat Bay disposal area. Mobile, Alabama, 190

LAWS LYSIMETERS
Planning and implementing the productive land use of Study of leachate from dredged material in upland areas
dredged material confined disposal areas, 020 and/or in productive uses, 113

Dredged material disposal effects: algal, protozoan, and MANAGEMENT
bacterial assays. 106 Guidelines for selecting and managing disposal methods
Legal, policy, and institutional constraints associated with for contaminated dredged material to minimize adverse
dredged material marketing and land enhancement. 199 environmental effects, 008

Disposal site reuse, a new concept for dredged material Guidelines for designing, operating, and managing

disposal, 209 dredged material confined disposal areas. 010

Principles for tie development of reusable disposal sites. Guidelines for disposal area reuse. 012
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Socioeconomic and other factors affecting the recreation- dewatering of fine-grained dredged material, 184
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Evaluation of laws and regulations impacting the land use ment concepts, 185
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LEACHAT M Field demonstration of shrimp manculture feasibility in
Evaluation of dredged material pollution potential. 006 dredged material confined disposal areas. 295

Laboratory and field studies of confined dispor it area MARKETING
effluent and leachate control, 007 The horticultural industry planting and production. 294
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MARUH CREATION Habitat development field investigations, Buttermilk
Field bioassay test for detecting contaminant uptake from Sound Marsh DI ,elopment Site, Atlantic Intracoastal
dredged material by marsh plants, 219 Waterway, Georgia, 245

MARSH DEVELOPMENT Propagation of marsh plants and postpropagation moni-
Ecological framework for upland and wetland habitat toring at the Buttermilk Sound Marsh Development Site,

development with dredged material, 015 Atlantic Intracoastal Waterway, Georgia, 246
Habitat development field investigations, Apalachicola

Engineering and plant propagation aspects of wetand Bay Marsh Development Site, Apalachicola Bay, Florida,
habitat development with dredged material, 016 247

Introduction to habitat development on dredged material, Habitat development field investigations. Bolivar Peninsu-
019 la Marsh and Upland Habitat Development Site, Galve-

Design of a laboratory microcosm for evaluating effects ston Bay, Texas, 248
of dredged material disposal on marsh-estuarine ecosys- Propagation of vascular plants and postpropagation
tems, 052 monitoring of botanical, soil, aquatic biota, and wildlife

Dredge spoil disposal on marshland, 211 resources at the Bolivar Peninsula Marsh and Upland

Field bioassay test for detecting contaminant uptake from Habitat Development Site, Galveston Bay. Texas, 249

dredged material by marsh plants, 219 Habitat development field investigations, Salt Pond No. 3
Marsh Development Site, South San FranCiSCO Bay,

Selected annotated bibliography on aquatic and marsh Carna 250

plants and their management, 229
Habitat development field investigations, Miller Sands

Guidelines for material placement in marsh creation, 230 Marsh and Upland Habitat Development Site, Columbia

Relevant criteria for marsh-island site selection and their River, Oregon 251
application. 231 Postpropagation assessment of botanical and soil re-

Potential applications of marsh-island site selection crite- sources on dredged material at Miller Sands Marsh and
ria and description of optimum project areas, 232 Upland Habitat Development Site. Columbia River, Ore-

Design concepts for in-water confined disposal structures gon, 252
for marsh habitat development, 233 Postpropagation assessment of wildlife resources on

Guidelines for marsh establishment work throughout the dredged material at Miller Sands Marsh and Upland

contiguous United States, 234 Habitat Development Site, Columbia River, Oregon, 253
Habitat development field investigations, Rennie IslandEstablishment and growth of selected freshwater and MasDelomnSiGryHrbWshgt,

coastal marsh plants in relation to dredged sediment 254

characteristics. 235 254

Pregermination requirements and establishment tech- Productive uses of dredge spoil. 276

niques for sal marsh plants, 236 MARSH PLANTS
Feasibility study for Dyke Marsh Demonstration Area, Engineering and plant propagation aspects of wetland
Potomac River, Virginia, 238 habitat development with dredged material, 016

Detailed design for Dyke Marsh Demonstration Area, Hydroponic study of heavy metal uptake by eight marsh
Potomac River, Virginia, 239 plant species, 216

Habitat development field investigations, Windmill Point Trace and toxic metal uptake by marsh plants as affected
Marsh Development Site, James River, Virginia, 240 by Eh, pH. and salinity, 217

Acute environmental impacts of marsh development with Field bioassay test for detecting contaminant uptake from
dredged material on the macrobenthic community at the dredged material by marsh plants, 219
Windmill Point Marsh Development Site, James River, Underground biomass dynamics and substrate selective
Virginia, 24 t properties of Atlantic coastal salt marsh plants, 222

Environmental impacts of marsh development with Primary productivity of minor marsh plants in Delaware,
dredged material on botany, soils, aquatic biology, and Georgia, and Maine, 223
wildlife at the Windmill Point Marsh Development Site, Productivity of seven common marsh plant species of the
James River, Virginia, 242 Gulf Coast area, 224
Environmental impacts of marsh development and chlori. Growth dynamics of common Gulf Coast salt marsh plant
natd hydrocarbon compounds in marsh sois and species under conditions of stress, 225
vascular plant tissues at the Windmill Point Marsh
Development Site, James River, Virginia, 243 Modeling of ecological succession and production in

estuarine marshes. 226
Environmental impacts of marsh development with
dredged material on Sediment and water quality at the Estuarine marsh succession model, 227
Windmill Point Marsh Development Site. James River, Survey and assessment of induced and natural marsh
Virginia, 244 plant establishment techniques. 228
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Selected annotated bibliography on aquatic and marsh Turbidity plume model for predicting concentration of

plants and their management. 229 suspended sediment, 057

Establishment and growth of selected freshwater and Field investigations of the nature, degree. and extent of

coastal marsh plants in relation to dredged sediment turbidity generated by open-water pipeline disposal oper-

characteristics. 235 ations, 058

Pregermination requirements and establishment tech- Suspended solids plume model and its application, 059
niques for salt marsh plants, 236 Studies of mathematical models for predicting dredged
lnluence of pregerminaion conditions on the viability of material physical fate, 068
selected marsh plants. 237

Habitat development field investigations, Windmill Point Transport phenomena in aquatic environments. 069

Marsh Development Site. James River, Virginia, 240 Models and relevant studies applicable to ocean dispos-

Acute environmental impacts of marsh development with al, 070

dredged material on the macrobenthic community at the Transport studies relevant to estuarine disposal. 071

Windmill Point Marsh Development Site, James River, Dispersion studies relevant to riverine disposal. 072
Virginia. 241

Environmental impacts of marsh development with Feasibility study of controlled placement of dredged

dredged material on botany, soils, aquatic biology, and materials in open water, 074

wildlife at the Windmill Point Marsh Development Site, Development of models for prediction of short-term fate
James River, Virginia, 242 of dredged material discharged in the estuarine environ

Environmental impacts of marsh development and chlori- ment, 078

nated hydrocarbon compounds in marsh soils and Modeling of dredged material discharged into the estua

vascular plant tissues at the Windmill Point Marsh rine environment, 079
Development Site. James River. Virginia, 243 Mathematical models for dynamic computations of

Environmental impacts of marsh development with dredged material behavior. 080
dredged material on sediment and water quality at the
Windmill Point Marsh Development Site. James River, Mathematical model for passive diffusion of dredged

Virginia, 244 material, 081

Habitat development field investigations, Buttermilk Mathematical model of estuarial sediment traiisport 083

Sound Marsh Development Site, Atlantic Intracoastal Properties of cohesive sediments 084
Waterway, Georgi a, 245 Simulation of sediment transport in the Savannah I stIi
Propagation of marsh plants and postpropagation moni- ary, Georgia, 086
toring at the Buttermilk Sound Marsh Development Site,
Atlantic Intracoastal Waterway, Georgia, 246 Evaluation and calibration of the letra Tech dredged

Habitat development field investigations, Apalachicola material disposal models based or field data 090

Bay Marsh Development Site, Apalachicola Bay. Florida. Mathematical m 3de. for p red0in' "he ,oovodato of
247 dredged material in confined disposal areas 152

Habitat development field investigations, Bolivar Peninsu Capacity of confined disposal areas t 53

Is Marsh and Upland Habitat Development Site. Galve.ston Bay, Texas, 248 Investigation of :onfri ed disposal area design to m~ay.
mize hydraulic efficency. 16

Propagation of vascular plants and postpropagation
monitoring of botanical, soil, aquatic biota. and wildlife Mathematical model for determinig the influence oi

resources at the Bolivar Peninsula Marsh and Upland basin hydraulics 16;

Habitat Development Site, Galveston Bay, Texas, 249 Weir design to maintain effluent quality from dredged

Habitat development field investigations, Salt Pond No 3 material confined disposal areas. 165

Marsh Development Site, South San Francisco Bay, METEOROLOGICAL DATA
California, 250

Feasibility study of general crust management as a
Annotated tables of vegetation growing on dredged technique for increasing capacity of dredged material
material throughout the United States, 265 confined disposal areas, 182

MATHEMATICAL MODELS Dry crust formation rate, and crubt managemen, 183

Processes affecting the fate of dredged material, 002

Predicting and monitoring dredged material movement, MINE DIPOSAL

003 Productive uses cf dredge spoil, 276

Application of ecosystem modeling methodologies to MINERAL CYCLING
dredged material research, 034 Nutrient and heavy metal cycling study of salt marsh

Laboratory study of the turbidity generation potential of estuarine ecosystems, and resulting general compart
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MIXING ZONES NITROGEN
Ecological evaluation of proposed discharge of dredged Effect of sediment organic matter on migration of various
or fill material into navigable waters: interim guidance for chemical constituents during dredged material disposal,
implementation of Section 404(b)(1) of Public Law 92- 026
500 (Federal Water Pollution Control Act Amendments of Literature review of transformations of heavy metals and
1972), 103 plant nutrients in dredged sediments as affected by

MODELS (ECOLOGICAL) oxidation reduction potential and pH, 028

Nutrient and heavy metal cycling study of salt marsh- Research study for the development of dredged material
estuarine ecosystems, and resulting general compart- disposal criteria, 097
mental model, 215 Factors influencing Elutriate Test performance, 098

Growth dynamics of common Gulf Coast salt marsh plant Evaluation of the elutriate test as a method of predicting
species under conditions of stress, 225 contaminant release during open-water disposal of

Modeling of ecological succession and production in dredged sediments and environmental impact of open-
estuarine marshes, 226 water dredged material disposal, 107

Estuarine marsh succession model, 227 Environmental impact of dredging and disposal on the

MONITORING Upper Mississippi River at Crosby Slough, 213

Processes affecting the fate of dredged material, 002 NUTRIENTS
Predicting and monitoring dredged material movement, Aquatic dredged material disposal impacts, 001

003 Laboratory studies of water quality impacts of aquatic

MOSQUITO CONTROL dredged material disposal, 004

Identification of practices and regulations relating to Evaluation of dredged material pollution potential, 006

confined disposal areas, 140 Laboratory and field studies of confined disposal area

Operation of confined disposal facilities, and odor and effluent and leachate control, 007

mosquito control, 146 Guidelines for selecting and managing disposal methods

An investigation of physical, chemical, and/or biological for contaminated dredged material to minimize adverse

control of mosquitoes in dredged material disposal areas, environmental effects. 008

166 Research study on the effect of dispersion, settling, and

Possibilities for biological control of mosquitoes within resedimentation on migration of chemical constitutents

dredged material disposal sites, 169 during open-water disposal of dredged materials, 025

Effect of sediment organic matter on migration of various
MOSQUITOES chemical constituents during dredged material d;sposal

Identification of objectionable conditions and issues 026
relating to confined disposal areas, 139 Literature review of the physical/chemical nature of
Arthropod successional patterns within dredged material sediment organic matter and metal organic interactions in
disposal sites, 167 natural water systems. 027

Ecology of mosquitoes associated with dredged material Literature review of transformations of heavy metals and
disposal sites, 168 plant nutrients in dredged sediments as affected by

MUD oxidation reduction potential and pH, 028

Prediction and control of dredged material dispersion Studies of transformations of heavy metals and plant
around dredging and open-water pipeline disposal oper- nutrients in dredged sediments as affected by oxidation
ations. 013 reduction potential and pH, 029

Study of Western European dredging practices, reclama- Assessment of problems associated with evaluating the
lion methods, and environmental effects of dredging, 172 physical, chemical, and biological impacts of dischargnq

NAVIGADLE WATERS fill material, 030

Ecological evaluation of proposed discharge of dredged Fill material and filling activities, 031

or fill material into navigable waters interim guidance for Physical. chemical, and biological impacts of fill dis
implementation of Section 404(b)(1) of Public Law 92. charge, 032
500 (Federal Water Pollution Control Act Amendments of Design of a laboratory microcosm for evaluating effects
1972), 103 of dredged material disposal on marsh estuarine ecosys

NAVIGATION tems. 052
Feasibility study of controlled placement of dredged Field investigations of the nature. degree. and extent nf
materials in open water. 074 turbidity generated by open water pipeline disposal oper

Factors affecting open-water placement of dredged ations. 058

a material, 075 Literature review on sediment/water Quality relationships,

Borrow pit dumping feasibility estimates, and alternatives 092

to extend this feasibility. 076 Dredged material disposal i-riteria 093
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Dredged material disposal criteria: the Elutriate Test, 094 Trace and toxic metal uptake by marsh plants as affected

Previous dredged material disposal criteria studies, 095 by Eh, pH. and salinity, 217

Elutriate Test rationale and implementation guidelines, Growth dynamics of common Gulf Coast salt marsh plant
096 species under conditions of stress, 225

Research study for the development of dredged material Modeling of ecological succession and production in

disposal criteria, 097 estuarine marshes, 226

Factors influencing Elutriate Test performance, 098 Establishment and growth of selected freshwater and
coastal marsh plants in relation to dredged sediment

Sediment oxygen demand during the Elutriate Test, 099 chaars, 235
characteristics, 235

Application of Elutriate Test results to development of Habitat development feld investigations, Windmill Point
dredged material disposal criteria, 100 Marsh Development Site, James River, Virginia, 240

Selective analytical partitioning of sediments to evaluate Acute environmental impacts of marsh development with
potential mobility of chemical constituents during dredg- dredged material on the macrobenthic community at the
ing and disposal operations, 101 Windmill Point Marsh Development Site, James River,

Bioassessment of the standard elutriate test, 102 Virginia, 241

Ecological evaluation of proposed discharge of dredged Environmental impacts of marsh development with
or fill material into navipiable waters: interim guidance for dredged material on botany, soils, aquatic biology, and
implementation of Section 404(b)(1) of Public Law 92- wildlife at the Windmill Point Marsh Development Site,
500 (Federal Water Pollution Control Act Amendments of James River, Virginia, 242
1972). 103 Environmental impacts of marsh development and chlori-

Distribution of manganese, nickel, zinc, cadmium, and nated hydrocarbon compounds in marsh soils and
arsenic in sediements and in the standard elutriate, 104 vascular plant tissues at the Windmill Point Marsh

Biological assessment of the soluble fraction of the Development Site. James River, Virginia, 243
standard elutriate test, 105 Environmental impacts of marsh development with
Dredged material dispcoal effects: algal, protozoan, and dredged material on sediment and water quality at the
bacterial assays, 106 Windmill Point Marsh Development Site, James River,

Evaluation of the elutriate test as a method of predicting Virginia, 244

contaminant release during open.water disposal of Habitat development field investigations, Buttermilk
dredged sediments and environmental impact of open- Sound Marsh Development Site, Atlantic Intracoastal
water dredged material disposal, 107 Waterway. Georgia, 245

Laboratory and field procedures used to evaluate the Propagation of marsh plants and postpropagation moni-
elutriate test as a method of predicting contaminant toring at the Buttermilk Sound Marsh Development Site.
release during open-water disposal of dredged sedi- Atlantic Intracoastal Waterway. Georgia, 246
ments and environmental impact of open-water dredged Eatons Neck (Long Island Sound. New York) disposal
material disposal, 108 site field investigation an environmental inventory, 301

Long-term release of contaminants from dredged materi- Investigation of the baseline water column and physico-
al, 109 chemical sediment parameters of the Eatons Neck

Biological assessment methods for predicting the impact disposal site. Long Island Sound, 303
of open-water disposal of dredged material, 110 Aquatic disposal field investigations, Columbia River
Characterization of confined disposal area influent and disposal site, Oregon, 308
effluent particulate and petroleum fractions, 112 Aquatic disposal field investigations, Ashtabula River

Study of leachate from dredged material in upland areas disposal site, Ohio, 313
and/or in productive uses, 113 Aquatic disposal field investigations off the shore of
Physical and chemical characterization of dredged mate- Galveston, Texas. 31 7
rial influents and effluents in confined land disposal Investigation of the hydraulic regime and physical nature
areas, 114 of sedimentation at the Galveston, Texas offshore dispos-

Physical and chemical characterization of dredged mate- al site, 318
rial sediments and leachates in confined land disposal Aquatic disposal field investigations, Duwamish Water-
areas, 115 way Disposal Site. Puget Sound, Washington, 320

Ability of salt marshes to remove nutrients and heavy Chemical and physical analyses of water and sediment in
metals from dredged material disposal area effluents, relation to dredged mateial disposal in Elliott Bay (Du-
121 wamish Waterway disposal site, Puget Sound, Washing-

Environmental impact of dredging and disposal on the ton), February-June 1976. 324
Upper Mississippi River at Crosby Slough, 213 Chemical and physical analyses of water and sediment in

Nutrient and heavy metal cycling study of salt marsh- relation to dredged material disposal in Elliott Bay
estuarine ecosystems, and resulting general compart- (Duwamish Waterway disposal site, Puget Sound, Wash-
mental model, 215 ington). September.December 1976, 325
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OCEAN BASINS Physical and chemical characterization of dredged mate-
Sedimentation factors in open water disposal, 066 rial influents and effluents in confined land disposal

OCEAN DISPOSAL areas, 114

Aquatic dredged material disposal impacts, 001 OPEN WATER DISPOSAL

Processes affecting the fate of dredged material, 002 Aquatic dredged material disposal impacts, 001

Predicting and "ionitoring dredged material movement, Processes affecting the fate of dredged material, 002

003 Predicting and monitoring dredged material movement,
Origins of turbidity and suspended material in aquatic 003
erwironments, 043 Laboratory studies of water quality impacts of aquatic
Studies of mathematical models for predicting dredged dredged material disposal, 004

material physical fate, 068 Effects of dredging and disposal on aquatic organisms,
Models and relevant studies applicable to ocean dispos- 005
al, 070 Guidelines for selecting and managing disposal methods
Effects of open-water dredged material disposal on for contaminated dredged material to minimize adverse
Texas Gulf Coast, 073 environmental effects, 008

Elutriate Test rationale and implementation guidelines, Prediction and control of dredged material dispersion
096 around dredging and open-water pipeline disposal oper-

Study of Western European dredging practices, reclama- ations, 013

tion methods, and environmental effects of dredging, 172 Treatment of contaminated dredged material, 014

General research plan for the- field investigations of Dredge spoil disposal: problem assessment results and
coastal dredged material disposal areas, 296 recommended research. 022

Assessment of the potential impact of dredged material Dredge spoil open water disposal, 023
disposal in the open ocean, 297 Research study on the effect of dispersion, settling, and

Environmental aspects and impact of deep ocean resedimentation on migration of chemical constitutents
dredged material disposal, 298 during open-water disposal of dredged materials, 025

Ecosystem dynamics and regional assessment of deep Effect of sediment organic matter on migration of various
ocean disposal receiving environments, 300 chemical constituents during dredged material disposal,

Aquatic disposal field investigations, Columbia River 026

disposal site, Oregon, 308 Assessment of problems associated with evaluating the

Aquatic disposal field investigations off the shore of physical, chemical, and biological impacts of discharging

Galveston, Texas. 317 fill material, 030

Methods of dissolved oxygen budget analysis for assess-
ing effects of dredged material disposal on biological

Investigation of effluent filtering systems for dredged community metabolism, 033
material confined disposal facilities, 124 Bioassay dilution technique for assessing dredged mate-
Identification of objectionable conditions and issues rial disposal significance, 035
relating to confined disposal areas, 139 Assessment and significance of sediment-associated oil
Identification of practices and regulations relating to and grease in aquatic environments, 036
confined disposal areas, 140 Pattens of succession in benthic inaunat communities

Operation of confined disposal facilities, and odor and following dredging and dredged material disposal in
mosquito control, 146 Monterey Bay, California, 039

Malodor abatement at confined dredged material dispos- Availability of sediment-adsorbed selected pesticides to
al sites, 149 benthos with particular emphasis on deposit-feeding

Analysis of methods of odor abatement, 150 infauna, 040

Odor abatement strategy for dredged material confined Impact of fluid mud dredged material on benthic commu-
disposal sites, 151 nities of the tidal James River, Virginia. 041

OILS AND GREASES Literature review of effects of turbidity and suspended
Assessment and significance of sediment-associated oil material in aquatic environments. 042
and grease in aquatic environments, 036 Effects of suspended dredged material on aquatic ani-

Summary of 21 analytical methods for determining oil mals, 049
and grease in aquatic environments, 037 Availability of sediment-adsorbed heavy metals to ben-

Evaluation of oil and grease contamination associated thos with particular emphasis on depost-feeding infauna.
with dredged material confined disposal areas, 111 051

Characterization of confined disposal area influent and Techniques for reducing turbidity associated with present
effluent particulate and petroleum fractions, 112 dredging procedures and operations 053
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Field investigations of the nature, degree, and extent of Environmental aspects and impact of deep ocean
turbidity generated by open-water pipeline disposal oper- dredged material disposal, 298
ations, 058 Nearshore-offshore ecological trends and zonal analysis.

Suspended solids plume model and its application, 059 299

Open-water pipeline disposal and dissolved oxygen Ecosystem dynamics and regional assessment of deep
demand, 060 ocean disposal receiving environments, 300
Analysis of the functional capabilities and performance of Eatons Neck (Long sland Sound, New York) disposal
silt curtains, 061 site field investigation an environmental inventory, 301
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dredged material confined disposal areas, 020 Engineering and plant propagation aspects of upland
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Previous dredged material disposal criteria studies, 095 by Eh, pH, and salinity, 217

Research study for the development of dredged material Growth dynamics of common Gulf Coast salt marsh plant
disposal criteria, 097 species under conditions of stress. 225

Evaluation of oil and grease contamination associated
with dredged material confined disposal areas, II1 SALT MARSHES

Engineering and plant propagation aspects of wetland
Laboratory study of chemical coagulation as a means of habitat development with dredged material, 016
treatment for dredged material. 122 Design of a laboratory microcosm for evaluating effects

Feasibility of the functional use of vegetation to filter, of dredged material disposal on marsh-estuarine ecosys-
dewater, and remove contaminants from dredged materi- tems. 052
SI, 128 Ability of salt marshes to remove nutrients and heavy
Survey of potential medical and veterinary diseases at metals from dredged material disposal area effluents.
habitat development field sites, 214 121
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Primary productivity of minor marsh plants in Delaware, Dredged material separation, sand and gravel beneficia-
Georgia, and Maine. 223 tion, and economic aspects of separation and recovery.

Productivity of seven common marsh plant species of the 195

Gulf Coast area, 224 Sand and gravel separation, 196

Growth dynamics of common Gulf Coast salt marsh plant SClR pJS
species under conditions of stress, 225 Hydroponic study of heavy metal uptake by eight marsh
Modeling of ecological succession and production in plant species, 216
estuarine marshes, 226 SCOUR
Estuarine marsh succession model, 227 Evaluation of factors affecting the long-term fate of

Establishment and growth of selected freshwater and dredged material in open waters, 067
coastal marsh plants in relation to dredged sedimentcharacteristics. 235 SCOWS
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toring at the Buttermilk Sound Marsh Development Site, SEDIMENT ANALYSIS
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la Marsh and Upland Habitat Development Site, Galve-
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Habitat Development Site, Galveston Bay, Texas, 249 potential mobility of chemical constituents during dredg-

Habitat development field investigations. Salt Pond No. 3 ing and disposal operations, 101

Marsh Development Site, South San Francisco Bay, Evaluation of oil and grease contamination associated
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254 List of confined disposal area sizing methods used by
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Trace and toxic metal uptake by marsh plants as affected agencies, 160
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SAINDS Predicting and monitoring dredged material movement.

Flume experiments on sand, silt and clay mixtures from 003
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Field study of the effects of storms on the stability and Guidelines for selecting and managing disposal methods
fate of dredged material in subaqueous disposal areas, for contaminated dredged material to minimize adverse
087 environmental effects, 008

Flume experiments on sand, silt and clay mixtures from Effect of sediment organic matter on migration of various
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Factors affecting the discharge of supernatants in con- coastal marsh plants in relation to dredged sediment
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SETTLING Effects of dredged material disposal on demersal fish and
Prediction and control of dredged material dispersion shellfish in Elliott Bay (Duwamish Waterway disposal site.
around dredging and open-water pipeline disposal oper- Puget Sound, Washington), 321
ations, 013 SHOALING
Treatment of contaminated dredged material. 014 Sedimentation factors in open water disposal, 066

Laboratory study of the release of pesticide and PCB
materials to the water column during dredging and SHRIMP
disposal operations. 024 Field demonstration of shrimp mariculture feasibility in
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Laboratory study of the turbidity generation potential of dredged material sites. 133
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Literature review of factors controlling turbidity, 056 material throughout the United States. 265

Laboratory investigation of the dynamics of mud flows SILT CURTAINS
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Estuarine marsh succession model, 227SEWAGE DiPSL
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ment processes. 116 Containment area design and operation effluent sluicing

SHELLFISH methods. 145
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051 habitat development with dredged material. 0 17
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at the Eatons Neck disposal site. Long Island Sound. 304 development with dredged material, 0 15
Pre-disposal baseline conditions of demersal fish assem- Engineering and plant propagation aspects of wetland
blages at the Eatons Neck disposal site, Long Island habitat development with dredged material, 0 16
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Pre-disposal baseline conditions of zooplanklon assem- Engineering and plant propagation aspects of upland

blages at the Eatons Neck disposal site, Long Island habitat development with dredged material. 017

Sound, 306 Development and management of avian habitat on

Aquatic disposal field investigations, Columbia River dredged material islands. 0 18

disposal site, Oregon, 308 Introduction to habitat development on dredged material.

Investigation of the effects of a controlled sediment 019
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Aquatic disposal field investigations, Duwamish Water- Odor abatement strategy for dredged material confined
way Disposal Site. Puget Sound. Washington, 320 disposal sites. 151
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Feasibility study of Pinto Island as a long-term dredged Laboratory investigation of the dynamics of mud flows
material disposal site. 170 generated by open-water pipeline disposal operations,
Development of procedtres to selecting and designing 065

reusable dredged material dr- posal sites, 206 Development and application of design and operation

Disposal site reuse, a new concept for dredged material procedures for coagulation of dredged material slurry
disposal, 209 and confined disposal area effluent, 123

Principles for the development of reusable disposal sites. Feasibility of the functional use of vegetation to filter.

210 dewater, and remove contaminants from dredged materi-
al, 128

Guidelines for material placement in marsh creation. 230 Containment area design and operation: preliminary site
Relevant criteria for marsh-island site selection and their considerations. 143applic.ation. 231 Feasibility study of hydrocyclone systems for dredge
Potential applications of marsh-island site selection crite- operations, 173
ria and description of optimum project areas, 232 Demonstration of a methodology for dredged material
Design concepts for in-water confined disposal structures reclamation and drainage, 174
for marsh habitat development. 233 Effects of mechanical agitation on drying rate of fine-
Feasibility study for Dyke Marsh Demonstration Area, grained dredged material, 180Potomac River, Virginia. 238Potoac RverVirgnia,238Fine-grained material separation and handling, 197
Feasibility of inland disposal of dewatered dredged
material, 278 Dredged material transport systems for inland disposal

and/or productive use concepts, 280
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al disposal sites, 279 SMOTHERING

Dredged material disposal practices and procedures of Effects of smothering a Sparlmna alfterniflora salt marsh
the Corps of Engineers, 284 with dredged material, 212

Productive land uses of dredged material confined SOFT SOILS
disposal areas, 292 Low-ground-pressure construction equipment for use in

Assessment of the potential impact of dredged material dredged material confined disposal area operation and
disposal in the open ocean, 297 maintenance--equipment inventory, 154

Environmental aspects and impact of deep ocean Predictions of low-ground-pressure vehicle performance,
dredged material disposal, 298 157

Nearshore-offshore ecological trends and zonal analysis, SOIL CHARACTERIZATION
299 Habitat development field investigations, Nott Island

Ecosystem dynamics and regional assessment of deep Upland Habitat Development Site. Connecticut River,
ocean disposal receiving environments, 300 Connecticut, 269

g13iG Postpropagaion monitoring of vegetation and wildlife at

Guidelines for designing, operating, and managing the Noft Island Upland Habitat Development Site, Con-

dredged material confined disposal areas, 010 necticut River. Connecticut, 270

Sizing of confined disposal areas for dredged material, SOIL CLASSIFICATION
158 Study of leachate from dredged material in upland areas

Confined disposal area sizing methodology, 159 and/or in productive uses, 113

List of confined disposal area sizing methods used by SOIL STRENGTH
selected Corps of Engineers district offices and research Methodology for predicting low-ground-pressure vehicle
agencies, 160 performance, 156

Prediction of volumetric requirements for dredged materi-
al confined disposal areas, 188 SI ETAssessment of low-ground-pressure equipment for use in
Description of computer program SIZE and sample confined disposal area operation and maintenance, 009
applications, 189 SOIL-VEHICLE INTERACTION

U04G Performance predictions for low-ground-pressure con-
Fill material and filling activities, 031 structlion equipment for use in dredged material confined

Sdisposal area operation and maintenance, 155

Treatment of contaminated dredged material, 0 14 SOILS

Evaluatlon of the submerged discharge of dredged Study of leachate from dredged material in upland areas
materil slurry during pipeline dredge operations. 063 and/or in productive uses. 113
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An investigation of physical, chemical, and/or biological Habitat development field investigations, Buttermilk
control of mosquitoes in dredged material disposal areas, Sound Marsh Development Site. Atlantic Intracoastal
166 Waterway, Georgia. 245

Arthropod successional patterns within dredged material Propagation of marsh plants and postpropagation moni-
disposal sites, 167 toring at the Buttermik Sound Marsh Development Site,

Underground biomass dynamics and substrate selective Atlantic Intracoastal Waterway, Georgia, 246

properties of Atlantic coastal salt marsh plants, 222 Habitat development field investigations, Apalachicola
Habitat development field investigations, Nott Island Bay Marsh Development Site, Apalachicola Bay, Florida,
Upland Habitat Development Site, Connecticut River, 247

Connecticut, 269 Habitat development field investigations, Bolivar Peninsu-
Postpropagation monitoring of vegetation and wildlife at la Marsh and Upland Habitat Development Site, Galve-
the Nont Island Upland Habitat Development Site, Con- ston Bay, Texas, 248
necticut River, Connecticut, 270 Propagation of vascular plants and postpropagation

Agricultural value of dredged material, 282 monitoring of botanical, soil, aquatic biota, and wildlife
resources at the Bolivar Peninsula Marsh and Upland

SOILS (ENGINEERING) Habitat Development Site, Galveston ?ay, Texas, 249
Methodology for predicting low-ground-pressure vehicleperformance, 156 Habitat development field investigations Salt Pond No 3

Marsh Development Site, South San Francisco Bay,
Confined disposal area sizing methodology, 159 California, 250

Study of Western European dredging practices, reclama-
tion methods, and environmental effects of dredging, 172 SPORODOLUS

Primary productivity of minor marsh plants in Delaware,
Classification and engineering properties of dredged Georgia, and Maine, 223
material, 200

SOLAR ENERGY SPUR DIKES
Guidelines for designing, operating, and managing

Identification of alternative power sources for dredged dredged material confined disposal areas, 010
material processing operations, 202

Operation of confined disposal facilities, and odor and
SOUD WASTE MANAGEMENT mosquito control, 146

Use of dredged material in solid waste management, 281 Investigation of confined disposal area design to maxi-
SOLID WASTES mize hydraulic efficiency, 161

Fill material and filling activities, 031 Economic considerations in maximizing hydraulic effi-

SPARTINA ciencies of disposal areas, 164
Ability of salt marshes to remove nutrients and heavy STATE PROGRAMS
metals from dredged material disposal area effluents, Institutional aspects of using dredged material for recrea-
121 tional purposes, 285

Effects of smothering a Spartina alterniflora salt marsh
with dredged material. 212 STORMS

Hydroponic study of heavy metal uptake by eight marsh Field study of the effects of storms on the stability and

plant species, 216 fate of dredged material in subaqueous disposal areas,
087

Trace and toxic metal uptake by marsh plants as affected
by Eh. pH, and salinity. 217 Aquatic disposal field investigations, Ashtabula River

disposal site, Ohio. 313
Prediction of heavy metal uptake by marsh plants based
on chemical extraction of heavy metals from dredged STRIP MINES
material, 218 Guidance for land improvement using dredged material,

Field bioassay test for detecting contaminant uptake from 021
dredged material by marsh plants, 219 Landscape architecture methodology, 132

Underground biomass dynamics and substrate selective
properties of Atlantic coastal salt marsh plants, 222 SUBMARINE CANYONS

Sedimentation factors in open water disposal, 066
Primary productivity of minor marsh plants in Delaware.
Georgia. and Maine, 223 Investigation of subaqueous borrow pits as potential sites

for dredged materiai disposal. 082
Productivity of seven common marsh plant species of the

Gulf Coast area. 224 SUBMARINE TOPOGRAPHY

Growth dynamics of common Gulf Coast salt marsh plant Effects of open water dredged material disposal on
species under conditions of stress 225 Texas Gulf Coast. 073
Design concepts for in-water cnnfnied di p al strj Ttres Investigation of subaqueous borrow pits as potential sites
for marsh habitat development 233 for dredged material disposal. 082
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SUBMERGED DISCHARGE Environmental impacts of marsh development with
Evaluation of the submerged discharge of dredged dredged material on seuiment and water quality at the
material slurry during pipeline dredge operations, 063 Windmill Point Marsh Development Site, James River,

Virginia, 244
SUBSTRATES Comparison of plant succession and bird utilization on

Engineering and plant propagation aspects of wetland diked and undiked dredged material islands in North
habitat development with dredged material, 016 Carolina estuaries, 256
Patterns of succession in benthic infaunal communities Colonial nesting habits of sea and wading birds on
following dredging and dredged material disposal in dredged material islands in Florida, 257
Monterey Bay, California, 039 Plant succession on dredged material islands in Florida.
Trace and toxic metal uptake by marsh plants as affected 258
by Eh, pt, and salinity, 217 Flora of dredged material sites in Navigation Pool 8 of the

Underground biomass dynamics and substrate selective Upper Mississippi River, 264
properties of Atlantic coastal salt marsh plants, 222 Annotated tables of vegetation growing on dredged
Growth dynamics of common Gulf Coast salt marsh plant material throughout the United States, 265
species under conditions of stress, 225 Study of successional patterns of plants and animals at

Pregermination requirements and establishment tech- five upland disposal areas. 266
niques for salt marsh plants, 236 Review of dredged material disposal techniques to

SUCCESSION identify wildlife habitat development factors, 267
Aquatic dredged material disposal impacts, 001 Eatons Neck (Long Island Sound, New York) disposal

Effects of dredging and disposal on aquatic organisms, site field investigation: an environmental inventory, 301
005 Aquatic disposal field investigations, Columbia River

Ecological framework for upland and wetland habitat disposal site, Oregon, 308

development with dredged material. 015 Aquatic disposal field investigations, Ashtabula River

Development and management of avian habitat on disposal site. Ohio. 313

dredged material islands, 018 Aquatic disposal field investigations off the shore of

Patterns of succession in benthic infaunal communities Galveston. Texas, 317

following dredging and dredged material disposal in Aquatic disposal field investigations. Duwamish Water-
Monterey Bay, California, 039 way Disposal Site, Puget Sound, Washington, 320

Impact of fluid mud dredged material on benthic commu- SULFUR
nities of the tidal James River, Virginia, 041 Literature review ot transformations of heavy metals and

Arthropod successional patterns within dredged material plant nutrients in dredged sediments as affected by
disposal sites, 167 oxidation reduction potential and pH, 028

Underground biomass dynamics and substrate selective SUPERNATANTS
properties of Atlantic coastal salt marsh plants, 222 Factors affecting the discharge of supernatants in con-

Productivity of seven common marsh plant species of the fined disposal areas, 163
Gulf Coast area, 224 SURFACE MINE RECLAMATION
Modeling of ecological succession and production in Guidance for land improvement using dredged material,
estuarine marshes, 226 021
Estuarine marsh succession model, 227 Landscape architecture methodology, 132

Habitat development field investigations, Windmill Point SURFACE WAVES
Marsh Development Site. James River, Virginia, 240 Laboratory investigation of the dynamics of mud flows

Acute environmental impacts of marsh development with generated by open-water pipeline disposal operations.
dredged material on the macrobenthic community at the 065
Windmill Point Marsh Development Site. James River,
Virginia, 241 SUSPENDED LOAD

Literature review of effects of turbidity and suspended
Environmental impacts of marsh development with material in aquatic environments. 042
dredged material on botany, soils, aquatic biology, and
wildlife at the Windmill Point Marsh Development Site, Origis of turbidity and suspended material i aquatc
James River, Virginia, 242 environments, 043

Environmental impacts of marsh development and chlori- Effects of turbidity and suspended material in aquatic
nated hydrocarbon compounds in marsh soils and environments. 044

vascular plant tissues at the Windmill Point Marsh Effects of suspended dredged material on aquatic ani
Development Site, James River, Virginia, 243 mals, 049
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Turbidity plume model for predicting concentration of TIME SETTLEMENT RELATIONSHIP
suspended sediment, 057 Laboratory study of the turbidity generation potential of

Field investigations of the natLire, degree, and extent of sediments to be dredged, 055

turbidity generated by open-wa!er pipeline disposal oper- Mathematical model for predicting the consolidation of
ations, 058 dredged material in confined disposal areas, 152

Suspended solids plume model and its application, 059 Capacity of confined disposal areas, 153

Flume experiments on sand, silt and clay mixtures from TISSUE ACCUMULATION
the offshore dredged material disposal site, Galveston, Effects of suspended dredged material on aquatic ani-
Texas, 089 mals, 049

Weir design to maintain effluent quality from dredged TOXICITY
material confined disposal areas, 165 Effects of dredging and disposal on aquatic organisms,

Methodology for design of fine-grained dredged material 005
confined disposal areas for solids retention, 171 Evaluation of dredged material pollution potential. 006

Investigation of the hydraulic regime and physical nature Principles of aquatic bioassay, 046
of bottom sedimentation of the Columbia River disposal
site, Oregon, 309 Evaluation of the elutriate test as a method of predicting

contaminant release during open-water disposal ofInvestigation of the effects of a controlled sediment dredged sediments and environmental impact of open-

release on demersal fish and decapod shellfish at the dredged materal eionmna 107
Columbia River disposal sitematerial dispos, 107

Laboratory and field procedures used to evaluate the
Investigation of the hydraulic regime and the bottom elutriate test as a method of predicting contaminant
sedimentation physical characteristics at the Ashtabula eleae durinaopanwaterd o f redg sedi-

release during open-water disposal of dredged sedi-
River disposal site, Ohio, 315 ments and environmental impact of open-water dredged

Investigation of the hydraulic regime and physical nature material disposal, 108
of sedimentation at the Galveston, Texas offshore dispos- Biological assessment methods for predicting the impact
al site, 318 of open-water disposal of dredged material. 110

Investigation of water-quality parameters and physico- Aquatic disposal field investigations, Ashtabula River
chemical parameters at the Galveston, Texas offshore disposal site, Ohio, 313
disposal site, 319
Chemical and physical analyses of water and sediment in TRACKED VEHICLES
relation to dredged mateial disposal in Elliott Bay (Du- Demonstration of a methodology for dredged material
wamish Waterway disposal site, Puget Sound, Washing- reclamation and drainage, 174
ton), February-June 1976, 324 TRANSPIRATION

TAILINGS Confined disposal area design, operation, and manage-

Fill material and filling activities, 031 ment concepts, 185

TEMPERATURE Dredged material dewaterii.3 field demonstration at
VEMPERTica mmUpper Polecat Bay disposal area, Mobile, Alabama. 190Vertical migration of marine benthos in simulated

dredged material overburdens, 050 TRANSPORT PHENOMENA
Evaluation of factors affecting the long-term fate of

TEST ORGANISMS dredged material in open waters, 067Selection of bioassay test organisms. 047 Transport phenomena in aquatic environments, 069
Biological assessment methods for predicting the impact
of open-water disposal of dredged material, 110 Transport studies relevant to estuarne disposal, 071

Mathematical model of estuarial sediment transport, 083
TEST PROCEDURES

Guidelines for designing, operating, and managing Properties of cohesive sediments, 084

dredged material confined disposal areas, 010 Estuanal sediment transport processes, 085

Full-scale predictions of dredged material discharge TRANSPORTATION
behavior, 064 Planning and implementing the productive land use of
Biological assessment methods for predicting the impact dredged material confin,J disposal areas, 020
of open-water disposal of dredged material, 110 Dredged material transport systems for inland disposal

Field bioassay test for detecting contaminant uptake from and/or productive use concepts, 280
dredged material by marsh plants. 219 TREATIES

TIDAL CURRENTS Study of Western European dredging practices, reclama-
Field study of the effects of Storms on the stability and tion methods, and environmental effects of dredging. 172
fate of dredged material in subaqueous disposal areas, Legal. policy, and institutional constraints associated with
087 dredged material marketing and land enhancement. 199
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TREES Evaluation of the submerged discharge of dredged
List of trees and shrubs for landscaping confined material slurry during pipeline dredge operations. 063
dredged material sites, 133 Full-scale predictions of dredged material discharge

Study of Western European dredging practices, reclama- behavior, 064
tion methods, and environmental effects of dredging, 172 Previous dredged material disposal criteria studies, 095

Annotated tables of vegetation growing on dredged Evaluation of the elutriate test as a method of predicting
material throughout the United States, 265 contaminant release during open-water disposal of

Technical and economic feasibility of lawn sod produc- dredged sediments and environmental impact of open-
tion and/or related activities on dredged material dispos- water dredged material disposal, 107
al sites, 293 Investigation of effluent filtering systems for dredged

The horticultural industry: planting and production, 294 material confined disposal facilities. 124

TRENCHING Study of Western European dredging practices, reclama-
Guidelines for dewatering/densifying confined dredged tion methods, and environmental effects of dredging, 172
material, 011 TURBIDITY CONTROL

TRENCHING MACHINES Prediction and control of dredged material dispersion
Predictions of low-ground-pressure vehicle performance, around dredging and open-water pipeline disposal oper-
157 ations, 013

TRIGLOCHIN Techniques for reducing turbidity associated with present

Hydroponic study of heavy metal uptake by eight marsh dredging procedures and operations. 053

plant species. 216 A; ilysis of the functional capabilities and performance of
silt curtains, 061

TRUCKS
Dredged material transport systems for inland disposal TURBULENT FLOW
and/or productive use concepts, 280 Transport phenomena in aquatic environments, 069

TURBIDITY UPLAND HABITATS

Aquatic dredged material disposal impacts, 001 Ecological framework for upland and wetland habitat

Effects of dredging and disposal on aquatic organisms, development with dredged material. 0 15
005 Engineering and plant propagation aspects of upland

Prediction and control of dredged material dispersion habitat development with dredged materiail 01 ?
around dredging and open-water pipeline disposal oper- Introduction to habitat development on dredged material
ations, 013 019

Literature review of effects of turbidity and suspended Habitat development field investigations. Bolivar Peninsu
material in aquatic environments, 042 Ia Marsh and Upland Habitat Development Site Galve
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Upper Polecat Bay disposal area, Mobile, Alabama, 190 dredged material on sediment and water quality at the

Windmill Point Marsh Development Site, James River.
Use of dredged material islands by colonial seabirds and Virginia. 244
wading birds in New Jersey. 255

Habitat development field investigations, Buttermilk
Comparison of plant succession and bird utilization on Sound Marsh Development Site, Atlantic Intracoastal
diked and undiked dredged material islands in North Waterway, Georgia, 245
Carolina estuaries, 256

Propagation of marsh plants and postpropagation mon,
Use of dredged material islands by colonial seabirds and toring at the Buttermilk Sound Marsh Development Site.
wading birds in Texas, 259 Atlantic Intracoastal Waterway. Georgia, 246
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